




































ies 
hei 
pra 
954 ‘ 
[1 
hd in, 
178 |= 
ne | No. 4420 SATURDAY, JULY 17, 1954 Vol. 174 
(183 — 
eay| 
S fo 
[ 18; 
vad CONTENTS 
499) 
| Page 
ak financial Control of Research for National Defence 95 
le Sir Humphry Davy. By Sir Harold Hartley, K.C.V.O., C.B.E., F.R.S. 96 
ting) Meson Physics. By Dr. G. D. Rochester i 97 
[18M Science and the Potato. By Dr. R. N. Salaman, oe R. S. ‘ 98 
MONE Valves and Television Receiver _—. By Dr. R. L. Smith- Rose, 
i rel C.B.E. 99 
‘. Lectures on General Pathology. By Prof. John WwW. S. ‘Blacklock . 99 
Th Spiders of Britain. By T. H. Savory . . ; ‘ . 100 
Some Concepts of Ethology. By Dr. W. H. Thorpe, F.R.S. ~~ 101 
Institute of Microbiology, Rutgers University 4 105 
Dedication of the Laboratory of —e Woods Hole. By 
Dr. G. E. R. Deacon, C.B.E., F.R.S. : 107 
Obituaries : 
Prof. H. Stanley Allen, F.R.S. By Dr. D. Jack . 108 
Prof. J. P. Hill, F.R.S. By Prof. S. Zuckerman, C.B., F. RS. 109 
News and Views 110 
Economic Survey of the British East African a By A. J. 
Hunt ; ; 114 
Unesco hes Cente on ‘Arid. a Research 115 
Chemistry and Physics of Synthetic Fibres . 116 
The Worker in Industry * ; 118 
Problems of Aircraft Noise . 119 
» of Physical Society : Annual Report for 1953” 120 
[219 Artificial and Natural Coloration of Diamonds 120 
Mesp Alloy Junction Type of Transistor 121 
e é Papratant of Electrode Potentials in Living and Dead ‘Tien: By 
¥ Dr. D. B. Cater and Dr. A. F. Phillips 121 
[21 A New Method for the Colorimetric Estimation “a fade acids on 
35, Paper Chromatograms. By F. A. Isherwood and D. H. Cruickshank 123 
. 14 A Paper Chromatographic Method for the _—n Estimation 
{21 of Amino-acids. By Dr. Anthony L. Levy 126 
flea 
ierrg@ Letters to the Editors: 
ent 
men Ribonucleotide Analysis of Individual Nerve Cells. acon Erik 
(21 Edstrém and Holger Hydén 128 
es A Possible Function of Intracellular Ribonucleases. —fay ‘ Roth 129 
fel Solubility and Electrophoretic Behaviour of Steroid-Detergent 
me Mixtures in Aqueous Buffers.—Dr. Otto J. Schmid and Dr. 
as Klaus D. Voigt 129 
‘OF Synthesis of sttechitenegletamle Acid end »Mothylene- 
ner glutamine.—Dr. P. Wailes, M. C. Whiting and Dr. L. Fowden 130 
[25 Stereochemistry of Cocaine.—Prof. G. a. ©. Kovacs and 
erial 1. Weisz . 131 
ater Transition Teper of Polpmers at leraennle Frequencies. 
[26 —M. Krishnamurthi and G. Sivarama Sastry 132 
hes Chlorine Isotope Effect.—-Rosalie M. Bartholomew, F. bron 
and M. Lounsbury 133 
26 Paper Electrophoresis Siphon Alkaloids. afoul G. B. Marini- 
ypor Bettolo and Dr. M. Lederer 133 
, Ra A New Spray Reagent for Paper Chromatography of Polyols 
26 and Cetoses.—Dr. Paul Godin . 134 
— Odour and Molecular Vibrations —H. E. Hallam ; 134 
Indirect Effect of Ultra-Violet Light on Skin Blood Vente 
. W. Partington . : 134 
Sirertutes of Native and Plarenctond ‘Cities. —Dr. z o. 
Warwicker; H. J. Wellard; H, J. Woods : 135 
Conductivity induced in ee by X- -Rays.— 
ndoi . F. Fowler and Dr. armer 136 
Photographic ne of ‘tude Ray Tube Trees. —. B. 
ope 137 
Unusual Dustiies of ‘Spectral Laisa, Z Junkes, S.J., 
and Rev. E. W. Salpeter, S.J. : 138 
| A Graphical Method of analysing Creep Ses: stil }. shenien 138 
| A Statistical Method of estimating the Periods of Incubation 
| and Infection of an Infectious Disease.—Norman T. J. Bailey 139 
w.l Determination of Sour Orange — by vieasial Chromato- 
graphy.—Prof. Raymond M. : 140 
Frequency Distribution of the Concentration of Samant in 
o Rocks.—K. V. Aubrey 141 
| Light Cages for Birds.—Dr. H. redeer 142 





FINANCIAL CONTROL OF 
RESEARCH FOR NATIONAL 
DEFENCE 


N a fourth special report from the Select Com- 

mittee on Estimates for the session 1953-54 
(No. 176. London: H.M.S.O., 6d. net) are given the 
departmental replies to the Committee’s seventh 
report of the session 1952-53 on rearmament. A 
memorandum by the Treasury, commenting on the 
recommendation of this latter report that the 
Treasury should carefully consider the possibility of 
introducing a system of block grants to certain 
Ministry of Supply and Admiralty research estab- 
lishments, at least on an experimental basis, states 
that the Treasury is unable to accept the recom- 
mendation if it implies making block grants to 
selected establishments to spend entirely at their 
discretion over a period of years. Such a system, it 
is urged, apart from other difficulties, would conflict 
with the fundamental need for the co-ordination of 
the whole research and development programme for 
Great Britain, which can only be effected centrally. 
Taking the proposal to mean that for certain estab- 
lishments a system of financial programmes should 
be adopted extending over a number of years in 
place of the present system of annual estimates, the 
Treasury points out that, although the long-term 
financial provision is in principle advantageous, it is 
nevertheless essential that government expenditure 
be kept reasonably flexible and subject to regular 
review in the light of changes in the strategic and 
economic situation of the country. The irrevocable 
commitment of defence expenditure for a long period 
of years, if on any large scale, would be hard to 
reconcile with this requirement, and this applies to 
the adoption of a block grant system even if the 
activities provided for in the grant continue to be 
subjected to co-ordination and control by the 
Department. 

While the Treasury is obviously 
the possibility that the proposal would prejudice such 
departmental control and also stimulate similar 
claims elsewhere, the memorandum maintains further 
that such a system would be contrary to the funda- 


concerned with 


mental requirements of a properly conceived 
research and development policy. The annual 


defence research and development programmes, it is 
pointed out, are carefully built up (and co-ordinated 
by the Defence Research Policy Committee) under a 
system of priorities which is designed to ensure so 
far as practicable that development is in step with 
defence requirements. Such decisions on priorities 
can be taken only at the centre, where the complete 
picture can be seen. Again, in view of the shortage 
of scientific workers and technicians and the ceiling 
on Civil Service non-industrial numbers, the allocation 
from time to time of the available man-power to 
establishments requires most careful consideration ; 
and the Treasury maintains that this can only be 
done at the centre, as university graduates 
recruited. If, on the other hand, the recommendation 
may be taken as advocating long-term financial 
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programmes giving stability over a number of years, 
the Treasury agrees that planning in this way has 
advantages in the field of research and development, 
as in others, and it claims that, within the limits 
necessarily imposed by considerations of Parlia- 
mentary control, these advantages have not been 
overlooked in the formulation of current practice. 

While the force of some of the Treasury’s argument 
will readily be admitted, there is little indication that 
the Treasury appreciates sufficiently the two funda- 
mental points involved—the extent to which effective 
scientific investigation demands freedom from time 
control if waste is to be avoided, and the consequences 
which flow from the interlocking of defence research 
and civil research at the present time. On the first 
point, the Select Committee on Estimates, in its 
third report for the session 1946-47 dealing with 
expenditure on research and development, com- 
mented pointedly that certain weaknesses revealed 
by its inquiry were due rather to an attitude of mind 
than to defective organization. It also remarked 
that the rigid application of a particular adminis- 
trative code to certain types of research work might 
cause considerable waste of money and effort and 
jeopardize the success of a costly project, besides 
creating an atmosphere alien to the conduct of first- 
class research; and it suggested that methods of 
controlling and accounting for expenditure need to 
be applied with a clear recognition of their implica- 
tions. A system which produces economies and is 
eminently sound when applied to normal adminis- 
trative expenditure may not have the same beneficial 
results when applied to certain types of research. 
The nature of the Treasury’s reference to the differ- 
ence between the universities and defence research 
establishments in the present report indicates a 
failure to appreciate this fundamental point that the 
time span for effective control of a research project 
is determined primarily by the nature of that project 
and not by administrative considerations. 

On the question of the interlocking of defence 
research and civil research, it is unfortunately true 
that the impracticability, for security reasons, of 
making a sharp separation between expenditure 
incurred essentially for civil purposes and that on 
defence, makes it almost as difficult as when the 
Estimates Committee of 1946-47 reported on the 
possibility of determining whether expenditure on 
fundamental and applied research is distributed in 
the best proportions between the main lines of civil 
and military The continued need for 
security in certain fields, however, makes it the more 
imperative that there should be 
secrecy, that the maximum possible information 
should be given to Parliament, and that no methods 
of controlling expenditure which are likely to cause 
waste scientific effort should be tolerated for 
administrative reasons. It should be remembered 
that, as has been recently pointed out in The 
Economist, in counting the high cost of defence to 
the modern economy, as much as 30 per cent of the 
nation’s research resources, in which first-class men 
are much searcer than money, gives a true measure 
of the long-term cost pre-empted for defence, rather 
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than the 10 per cent of the national income com. 
monly taken as going into defence. 

Another memorandum included in this report is 
by the Ministry of Supply. This relates to the recor. 
mendation that every assistance should be given : 
the Radar Research and Developmen: Establishme::t 
and the Telecommunication Research Establishment 
of the Ministry of Supply and to the Admiralty 
Signal and Radar Establishment, in order to secure 
and maintain an adequate staff of scientific workers, 
so as to preserve the all-important factor of con- 
tinuity in research. The Ministry of Supply and the 
Admiralty entirely agree with the Select Commitice 
as to the need for continuity in research, because 
research provides the only sound basis for future 
development. They consider that longer-term 
research should not be crowded out by shorter-term 
development requirements, or be permitted to 
fluctuate unduly with every change in financial 
circumstances. They further agree with the Select 
Committee that every effort is needed to attract staff 
of the high quality needed for research at the Estab- 
lishments, and this end they are constantly 
seeking to perfect their relations with the universities ; 
but while staffing difficulties will persist as long as 
there is a shortage of highly trained clectronic 
scientists, such difficulties are regarded as unlikely t 
cause a serious break in the continuity of research. 
The Ministry of Supply and the Admiralty question, 
however, the wisdom of laying down as a principle 
that any branch of research and development should 
wholly exempt from the effect of financial 
limitations applying to research and development «as 
a whole. Nevertheless, while not accepting this par 
of the Select Committee’s recommendation, they 
agree that, because electronics is a young branch of 
science with great potentialities and because equi))- 
ment in many other fields is dependent upon it, it 
deserves a measure of special consideration and 


to 


be 


protection. 

These points are made in connexion with two 
government establishments for which it may he 
claimed that special considerations apply. Nevcr- 
theless, on the general question, there can be lit! 
doubt : research for national defence is for the most 
part like other forms of scientific research, and thie 
imposition of administrative time-limits on investi- 
gations is not in the interest of true economy in thi 


utilization of the limited resources in materials and 
man-power. 


SIR HUMPHRY DAVY 
Humphry Davy 


‘Pilot’? of Penzance. 
166+7 plates. (London: 
1954.) 10s. 6d. net. 


By Prof. James Kendall. P). 
Faber and Faber, Ltd., 





IR EDWARD THORPPE’S life of Humphry Davy 

has long been out of print and unobtainable, ani! 
so Prof. James Kendall’s breezy sketch of the ‘Pilot’! 
of Penzance will be welcomed by many readers. 
Davy is one of the most romantic figures in the 
history of science—a fascinating human problem- 
and Prof. Kendall was an ideal choice to write this 
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short life, with his intimate knowledge of the period, 
his sympathy with Davy and his fresh and lively 
style. The book is intended, as he says, for the 
younger generation, and it is in the main a study of 
Da\v’s character and personality rather than of his 
scientific work. Thorpe’s shrewd appraisal of Davy’s 
gre..t contributions to chemistry is often quoted, and 
no loubt the scientific reader will be tempted to read 
again some of Davy’s own papers which stand so 
wel. the test of time. The layman will learn from 
the book much of the significance of Davy’s dis- 
coveries explained in simple language unembarrassed 
by technical detail. 

There can be few great investigators whose 
scientific work has been so greatly influenced by the 
acc dents of daily life and by their human qualities. 
Prof. Kendall tells so well Humphry Davy’s romantic 
story—the country boy with his love of sport that 
was one of the lasting passions of his life, with the 
gift of words and the power to hold an audience, 
seli-centred and dreaming of fame. Then came his 
apprentices: ip to @ surgeon-apothecary and _ his 
realing of Lavoisier’s “Chemistry”? which awakened 
so swiftly his native genius for experiment. This and 
his chance friendships with Gregory Watt and Davies 
Gilbert led to his appointment by Beddoes at the 
?Pncumatie Institute at Clifton just before his 
twentieth birthday. There he spent two years in 
the brilliant and amazingly mature research which 
so nearly cost “the intrepid investigator’ his life 
when he was breathing various gases to study their 
effects. 

At the age of twenty-three he went to the Royal 
Institution and was soon to become 
London’’. Self-taught, free from conventional views, 
brilliant as an experimenter and observer, Davy had 
an intuitive sense of the significant and of the wider 
bearings of his discoveries. Nine years later he was 
acknowledged as the outstanding chemist of Europe. 
With his gift of exposition and his infectious en- 
thusiasm he had made science fashionable, and the 
sequel was his marriage to the wealthy widow, Mrs. 
Apreece. Prof. Kendall deals feelingly with that 
marriage, so unfortunate for science, and with the 
contrast between Davy’s warm affection for his 
sisters and his mother and the coolness that soon 
arose between him and his ambitious wife, a catcher 
of ‘lions’. Davy’s resignation on his marriage of his 
professorship at the Royal Institution marked the 
ent of his systematic research, though there were 
brilliant episodes like his discovery of the principle 
of the safety lamp. It was an uncongenial union, 
there were faults on both sides and Prof. Kendall is 
scrupulously fair. 

ne of his most interesting chapters is the ‘‘Retro- 
speet’’, in which he examines the frailties of Davy’s 
nature in his relations with his brother scientific 
workers, notably Berzelius, Dalton and Faraday. 
Divy could be jealous of rivals, being anxious to be 
the central figure and disliking criticism. He never 
reilly forgave Berzelius for his outspoken criticisms 
of ““The Elements of Chemical Philosophy”. He had 
been right when Berzelius had been wrong; but 
Berzelius was generous in his admiration of “‘le plus 








grand chimiste de son siécle’’. Davy’s unfortunate 
experience with rash speculations in early youth 
mide him wary of hypothesis all his life, and it was 
a cragedy that he just failed to see the significance 
of Dalton’s atomic theory. As Kendall says, ‘His 
nc ar-misses, indeed, are as momentous as his direct 
hits’’. 
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The incidents with Faraday, his ‘‘Greatest Dis- 
covery’’, in the years when he was stricken and ill 
are best forgotten in Faraday’s comment to Dumas, 
standing before Davy’s portrait in the Royal In- 
stitution: ‘‘He was a great man, wasn’t he ?” 

The interest and charm of the book spring from 
Prof. Kendall’s intimate and affectionate sketch of 
Davy as a human being. It is full of little touches 
that show his close acquaintance with the great mass 
of Davy documents and with the writings and 
thoughts of his contemporaries. It is the intimacy 
of the picture that carries conviction and gives a 
true understanding of a life of genius. 

Harotp HARTLEY 


MESON PHYSICS 
Meson Physics 


By Robert E. Marshak. (International Series in Pure 
and Applied Physics.) Pp. viii+378. (London: 
McGraw-Hill Publishing Co., Ltd., 1952.) 64s. 


Mesons 
A Summary of Experimental Facts. By Alan M. 
Thorndike. (International Series in Pure and Applied 
Physics.) Pp. viiit+242. (London: McGraw-Hill 
Publishing Co., Ltd., 1952.) 47s. 
rT HE appearance of these two books is timely, for 
the past few years have seen great advances in 
the subject of meson physics. Prof. R. E. Marshak 
has surveyed the most important results of meson 
experiments, with particular emphasis on _ their 
theoretical significance, and Dr. A. M. Thorndike has 
undertaken the difficult task of summarizing the 
experimental facts. Both books are concerned mainly 
with results obtained since the Second World War 
and cover work done up to the summer of the year 
1952. 

In view of the fact that the theoretical side of 
meson physics is discouraging and the experimental 
side exciting and stimulating, it might have been 
expected that Marshak would have found his 
task difficult and Thorndike relatively easy. The 
impression gained from reading the two books side 
by side is just the contrary. Marshak succeeds in 
marshalling the experimental facts brilliantly, and he 
skilfully uses just those parts of theoretical meson 
physics which illumine the experimental results. In 
so doing, he captures much of the drama of the great 
enterprise which is modern particle physics. By 
comparison, Thorndike’s treatment of similar facts 
seems dull and ordinary. The reason for the difference 
is undoubtedly that Dr. Thorndike is imbued with a 
sense of fairness to all whose work has contributed 
in any way to the advancement of the subject. The 
result is often a detailed description of work long 
since superseded, and a sense of confusion in the 
mind of the reader as to what the really important 
advances in the subject have been.. The correct 
selection of the significant facts and their presentation 
in a form which gives them proper emphasis is prob- 
ably the most important function of the writer of a 
text-book. There are many examples of incorrect 
emphasis and poor selection in Thorndike’s book : 
limitation of space allows only the following examples. 
The first is the ‘‘A-meson”’, a hypothetical particle 
proposed to account for the unexpectedly large 
penetration of certain thicknesses of matter by the 
particles in extensive showers. This hypothesis was 
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abandoned by its principal authors at the Como 
conference on cosmic rays in 1949. The second con- 
cerns the distinction drawn between supposedly 
different sorts of x-mesons: the “‘pi-meson”’ (defined 
on p. 58 as the ‘‘meson producing a pi-—mu decay’’), 
and the “‘x-meson”’ (defined on p. 58 as the ‘“‘meson of 
mass about 280 m, discovered by Powell’). A similar 
distinction is made between the ‘‘mu-meson” and 
the *‘u-meson”’. 

The first four chapters of Marshak’s book are 
devoted to a discussion of the behaviour of charged 
and neutral z-mesons at non-relativistic velocities, 
the special contributions made by experiments on 
the artificially-produced z-mesons being especially 
well brought out. The next two chapters deal with 
the capture and absorption of slow, light mesons and 
the peculiar properties of the y-meson in relation to 
the z-meson. A link is made here between the results 
from the large accelerators and cosmic rays. There 
follows a clear presentation of the evidence relating 
to the nuclear interaction of fast m-mesons and the 
production of z-mesons. The old topic of plural 
versus multiple production is then gone into in some 
detail. Finally, Marshak surveys recent work on the 
new types of charged and neutral heavy mesons 
(now termed A-mesons), and V-particles with masses 
greater than the proton mass (now termed hyperons). 
This chapter is surprisingly good considering the 
state of knowledge of these particles when the book 
was written. 

Thorndike’s book opens with a discussion of the 
evidence for the existence of mesons and _ their 
properties, followed by good descriptions of the 
artificial production of mesons and the decay of the 
various forms of light meson. The book concludes 
with such topics as the positive excess, the energy 
spectrum, geomagnetic effects, and cosmic rays at 
sea-level and high altitudes. Each chapter has a 
detailed list of references. 

The printing and production of both books are well 
up to the high standard of other books in the same 
series. G. D. RocHESTER 


SCIENCE AND THE POTATO 


The Potato in Health and Disease 

By Dr. Tatham Whitehead, Dr. Thomas P. McIntosh 
and William M. Findlay. Third edition, revised and 
enlarged. Pp. xv +744+40 plates. (Edinburgh and 
London: Oliver and Boyd, Ltd., 1953.) 60s. net. 

T is not without significance that more books have 

been written anent the potato than all the other 
table vegetables put together. Indeed, I know of no 
single book in Britain devoted to any other specific 
staple of our vegetable dietary, always excluding the 
cereals, other than Oldham’s well-known volume on 
the family of the Brassicae and allied cruciferous 
crops. 

I do not propose to discuss at length the causes 
which underlie this curious monopoly of interest 
excited by the potato; but, whatever they be, the 
three authors of this book have reacted to them 
with ever-increasing enthusiasm and in almost over- 
powering volume. I doubt whether they do justice 
to their own perspicacity when they assess the cause 
of the potato’s universal appeal as being the generosity 
of its yield, even under the least promising conditions. 
On such a gross material basis, a parsnip or a turnip 
could stake a competitive claim. The ascendancy 
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of the potato rests, like that of bread, on the 
fact that it satisfies as a food and never cloys as 
a diet. 

The volume under review is no newcomer. It first 
appeared under the sole authorship of Dr. T. P. 
McIntosh in 1927 and contained 264 pages. Later, 
Dr. McIntosh was joined by Dr. T. Whitehead and 
Mr. W. M. Findlay, and together they published in 
1945 their well-known book, ‘“‘The Potato in Health 
and Disease’’, which had by then grown to 400 pages. 
The same trio of authors have now compiled a partly 
rewritten and greatly enlarged new edition extending 
to 744 pages. 

Among the new features are chapters on breeding 
and animal pests, machinery as applied to potato 
cultivation, and a long dissertation on the relation of 
viruses to the plants they infect. 

As I traversed this rather formidable work, the 
thought cccurred to me more than once—Am | 
reviewin;: .: collection of treatises or an encyclopedia ? 
Whatever be the correct answer as conceived by the 
authors, of one thing I am quite sure: it is no mere 
text-book which it has been my task to evaluate. 
Conflicting thoughts, such as these, of necessity evoke 
a challenge in the mind of the reader: ‘To whom 
have the authors addressed their book ?”’. 

An architect who sets out to build a homely villa. 
and ends up by erecting an edifice which from one 
angle suggests a palace and from another a highly 
efficient chain-store, must not be surprised if his 
efforts evoke a welcome less warm than its individual 
parts would appear to deserve. 

Of one thing I am confident: this work is no 
student’s text-book, and I am no less assured that it 
is not likely to prove a vade-mecum to the farmer, 
though it may serve the interests of the intelligent 
specialist cultivator. It will find, however, without 
question a place, and a dignified one, in my library, 
and doubtless in that of most senior workers, whether 
engaged in research or advisory work. Its home 
will be among the reference books, the section of 
my library which, with advancing years, I most 
frequent. 

I have intimated that this work suggests a col- 
lection of treatises. Let us consider one outstanding 
example, the description of varieties. Besides 
innumerable references in the text, the subject is 
dealt with in an appendix of fifty-three pages. Now 
it so happens that I wrote a book on potato varietics 
in 1926. It has long been out of date; but the 
individual descriptions are at least as informing. 
better set out and, what is of real importance. 
accompanied by a short history of origin, and a list 
of synonyms in each case. How pleased I shoul: 
have been had the authors of the recent work re-edit« 
and improved it, for the student would then have 
handy volume which he could take with him in tl 
field, needing neither a trailer nor a kindly colleagu: 
to carry and manipulate it. 

The writers, naturally alive to the importance « 
eelworm, have devoted thirty-six pages to its ex- 
position. The chapter is a painstaking piece of wor < 
planned on encyclopedic lines, and as such it is no 
difficult to point to a few errors of commission an‘! 
omission. Thus, Ellenby’s valuable work has no 
always been correctly reported; for example, hi 
hatching inhibitor is not located in the larve but i 
the cyst. His studies on the effect of mustard o1 
hatching were made with mixtures of mustard- 
potato, turnip—potato, etc., and compared with: 
hatchings in potato excretion alone. Prof. A. R. 
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odd’s hatching factor is eclepic, not ecleptic acid. 


/f omissions I will refer only to the 1950 publication 
f the Dutch worker, M. Ootenbrink, which would 
keen. to show that, under strict supervision in regard 


P,fto both increase and decrease of cysts in the soil, a 


ontrolled potato culture can be maintained in 
infected land. Another ‘treatise-like’ section is that 
devoted to virus disease. In the main the data on 
the relation of virus to plant, and the nature of the 


s,fvirus particle, are derived from F. C. Bawden’s book 
fon “Plant Viruses and Virus Diseases’, and duly 


acknowledged. Would it not have been wiser to 
readers to Bawden’s well-written book and 
lave it at that ? 

The value of the work is greatly enhanced by its 
gool index, and its full bibliography in which there 
re remarkably few important lapses. It is unfor- 
tunate that one of them should be a special favourite 
f imine, namely, my discovery in 1909 of blight 
resistance. In conclusion, it can be said that this 
vork gives the reader a just and comprehensive 
xecount of the importance of the potato as a subject 
f scientific inquiry, in which respect it probably has 
no rival. R. N. SALAMAN 


refer 


VALVES AND TELEVISION 
RECEIVER DESIGN 


Data and Circuits of Television Receiver Valves 
Philips’ Technical Library; Electronic Valves 
Series: Book IIIC). By J. Jager. Pp. xi+216. 
Television Receiver Design 

Monograph 1: I.F. Stages (Book VIIIA). 
A. G. W. Uitjens. Pp. x+177. 


By 


Television Receiver Design 

Monograph 2: Flywheel Synchronization of Saw- 
Tooth Generators (Book VIIIB). By P. A. Neeteson. 
Pp. x +156. 


Eindhoven: N. V. Philips’ Gloeilampenfabrieken ; 
London: Cleaver-Hume Press, Ltd.; New York : 
Elsevier Press, Inc., 1953.) 21s. each volume. 


bow three volumes form part of a series on 
“Electronic Valves” in the Philips’ Technical 
Library. They may also be regarded as companion 
volumes to the book on ‘Television’? in the same 
Library (see Nature, 172, 471; 1953). Although in 
the experimental stages of television development 
conventional radio and amplifying valves were used, 
the mass-production of television receivers has 
reated a demand for valves specially designed to 
ineet the requirements of the various stages of such 
receivers. 

lhe first volume gives complete details, with 
characteristic curves, of the series of television 
receiving valves developed by the Philips organiza- 
tion during the past two or three years. Considerable 
technical information is given of the function of 
each type of valve and of the circuit arrangements in 
which it can be used. Similar information is given 
lor three types of cathode-ray tubes, or ‘‘direct- 
Viewing picture tubes’ as they are termed, made for 
use in television receivers. In later portions of the 
book, more detailed technical descriptions are given 
of some special circuit arrangements ; and the book 
concludes with a complete design of a television 
receiver developed for the reception of vision and 
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sound programmes according to the 625-line standard 
of the International Radio Consultative Committee 
(C.C.I.R.) now in use in various European countries. 

The second volume deals with the intermediate- 
frequency stages of a television receiver, bearing in 
mind that such stages may operate at any frequency 
between 10 and 100 Mc./s. The book is largely analyti- 
cal in nature and describes the special problems of 
design encountered in obtaining response and ampli- 
fication over a wide band of frequencies, while at the 
same time the noise-level is kept down to the minimum 
attainable. 

In television reception, the picture is built up by 
making the electron beam scan the fluorescent screen 
of the cathode-ray tube. The method of scanning now 
generally adopted consists of rapid horizontal move- 
ments of the beam across the picture, with flyback 
between the lines at a much higher speed ; and then 
superimposed on these is a much slower vertical 
movement for the field or picture scan, with again a 
more rapid fly-back at the end of each field. These 
scanning movements are controlled by the voltages 
produced by a saw-toothed generator, the oscillations 
of which have to be synchronized with the appropriate 
signals sent out by the transmitter for the purpose. 
The third volume under notice describes in consider- 
able detail the principles and circuit arrangements of 
these saw-toothed generators and the application of 
the so-called ‘flywheel synchronization’ technique in 
television receivers. While some portions of the book 
are of an analytical nature, the mathematics involved 
is very straightforward and will be easily followed 
by the prospective designer. 

The production of all three volumes is of a high 
standard, and the engineer and scientist engaged in 
the design and development of television receiving 
technique will find them most useful in connexion 
with their work. R. L. SmirH-ROSE 


LECTURES ON GENERAL 
PATHOLOGY 


Lectures on General Pathology delivered at the 
Sir William Dunn School of Pathology, University 
of Oxford 

Edited by Sir Howard Florey. Pp. xiii+733. 

(London: Lloyd-Luke (Medical Books), Ltd., 1954.) 

63s. net. 


HE subject-matter of this volume has _ been 

contributed by no less than ten authors, and 
like all books written under such conditions it 
lacks a logical sequence. For example, the chapter 
on healing occurs some 340 pages after those on 
inflammation. The work is well written, easy to 
read for those with some previous knowledge of 
pathology, and the illustrations are excellent and 
well chosen. To each chapter is appended a carefully 
selected bibliography. 

The book is a real scientific work and, as such, is a 
contribution to the subject worthy of the Sir William 
Dunn School of Pathology, Oxford, from which it 
has originated. The patient and his diseases, how- 
ever, have rather been neglected. It sheds light on 
many controversial problems in general pathology, 
as each of the authors has freely expressed his opinion 
as a result of his own experimental work in the field 
in which he is an expert. Unfortunately, as Sir 
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Howard Florey states in the preface, the volume does 
not cover the whole field of general pathology, though 
the subjects of each lecture have been carefully 
selected. The value of the book, however, would 
have been enhanced if some chapters on neoplastic 
disease could have been included, and it is hoped 
that in any future edition this omission may be 
rectified. 

A praiseworthy endeavour has been made to give 
short historical reviews of each of the subjects dis- 
cussed. At places the review is too condensed and 
becomes merely a list of names, meaningless’ to the 
average student, as, for example, on p. 23, where 
Ribbert, Senftleben, Councilman, Marchand, Hohn- 
feldt and Maximow are all mentioned in a single line, 
only three of these being referred to elsewhere in the 
text. It is to be regretted in a book where historical 
accuracy has been the keynote that the primary lung 
focus (p. 662) should be referred to as the “‘Gohn 
focus” when it was originally described by Parrot 
forty years before Gohn’s treatise on the subject 
appeared. In a volume where so much attention has 
been given to detail, it would be easy for any reviewer 
to find points to criticize. In Fig. 24 on p. 97, the 
fibrous tissue encapsulating an abscess would be 
better described as granulation tissue. In the chapters 
on inflammation of mucous membranes, many pages 
have been devoted to the secretion of mucus; but 
the all too common catarrhal inflammation of the 
respiratory tract is dismissed in two short paragraphs. 
The chapter on degenerative changes is disappointing, 
and the description of amyloid change and the 
accompanying plates are particularly poor. On the 
other hand, the lectures on immunological problems 
are masterly expositions of the subject, as also are 
those on inflammation. 

This is a book which should be read by every 
serious student of pathology, in particular those 
working for higher degrees. Many an older patho- 
logist, too, will derive benefit and may have to 
sacrifice some of his long-cherished ideas about even 
the simplest pathological phenomena. It is not a 
book that can be advised for the average student 
commencing the study of the subject, as the com- 
plexities of an already difficult subject are not made 
any simpler. In these days of overcrowded curricula 
in medical schools, the student has to acquire his 
knowledge quickly and easily, and it would be 
difficult for him to do so from the present volume. 

Joun W. 8S. Brackiock 


SPIDERS OF BRITAIN 


British Spiders 
Vol. 2. By G. H. Locket and A. F. Millidge. 
vii+449. (London: Ray Society, 1953.) 30s. 
HIS volume completes the survey of the spiders 
of the British Isles, begun by the authors, G. H. 
Locket and A. F. Millidge, several years ago, so that 
now for the first time since John Blackwall’s historic 
folios of 1861-63 (also Ray Society publications) a 
guide to all the native species is generally accessible. 
The congratulations which were offered when the 
first volume was reviewed (Nature, 168, 714; 1951) 
may here be unhesitatingly repeated. 

The arrangement of the descriptive matter follows 
exactly the plan of the earlier part of the work, and 
therefore shows the same combination of clearness 
and conciseness with practical helpfulness that was 
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so conspicuous there. In brief, when the identifying 
of a species is easy, the authors waste neither ti:d 
nor space ; when it is difficult, fuller treatment aid 
comparative tables come to the reader’s aid. ‘Ihe 
illustrative drawings, which are the work of both, 
are remarkable for their uniform clarity. They are 
well reproduced and are, perhaps, one of the out- PHO: 
standing features of the book. : il 
This second volume, which is larger than its pre-f'— , a . 
decessor, describes seven families and 369 species 
There are, again, illustrations of the genitalia of both oe ae 
sexes of every species, accompanied by such other ek val 
diagrams and dichotomic keys as are necessary. The§” - 1 
distribution of all species is also given—broadly in se fr 
geographical, and more precisely in ecological, ‘ are 
sare — ; ts devel 
Among the seven families described are thef | int 
Agelenidae, which includes the ordinary spiders to bef i Ae f 
found in dwelling-houses, and the Argiopidae, which a ;: ye 
are familiar because they spin orb-webs. These pages’. as 
will interest any reader; but the serious student is os ing : 
likely to turn first to the treatment of the Linyphiidae . z wl 
—the dominant British family of 245 of the smallest O°. i 
spiders in the land. He will find a most impressive}! 4 i 
key to the one hundred genera by which the family Aah sone 
is represented in the British Isles; and although its] * sie on 
composer, Dr. Millidge, writes of it with modest}"” ™°* 
reference to its fallibility, it is at the same time true]. eae 
that never before has the captor of a Linyphiid been “49 y : 
able to turn to so complete and authoritative a guice 7 ee ™ 
as is published here. Only those who have tried tof .”” nr 
steer a course through the complexities of this family} “”" yee 
can fully appreciate the nature of Dr. Millidge’s very “TT : a 
considerable achievement. fol 
Two other points should be mentioned. One is af (° Th 
valuable practical hint—the fact that an obscure Mice: ne 
epigyne can be made more distinct by soaking the tid in 2 
specimen in phenol containing 10 per cent of alcohol. f° ne 
The second is the fact that the book ends with a check-J = ba ) 
list of the 581 species and subspecies recognized asf “a | 
British. It is interesting to compare this number with oe a 
the 566 recorded by Dr. W. 8. Bristowe as lately «s L a S 
1939 ; and if it may be added that the authors have“) "% | 
in their collections several species even more recently J" a hs 
found, it is seen that the day of complete knowledge §’ * Th 
of the British spider fauna is not yet. It is, in fact Pe : ‘ 
most significant to notice how high is the proportion} ae if? 
of species described as ‘rare’ or ‘very rare’, or fo! “, ey r 
which but one locality is known, or but a few captures ie : ae 
have been reported. sapgeten. 
It is permissible to glance at the impression mace f°). 70" 
by the two volumes together and to appraise the wor ; “06 : 
as a whole. It is seen to be a first-rate piece vif. ably 
systematic, descriptive writing, which brings the tas} * = ‘2 | 
of naming a spider within the capacity of any careful}. a = 
naturalist. This is a state of affairs which has never{ ‘> 
existed in Britain until now ; and the beginner, the] " oll 
general naturalist or the ecologist is far less dependent * a : 
on the personal help of the expert than he was. ‘ff, ‘biol 
this view of the position is correct, then the appearance}. ” wie 
of this work is an event of great importance. = a 
Yet it would be wrong to regard the publication we P 
of the book as the end of a phase in British arachn«-} | vines ees 
logy. It is rather the beginning. of a period in which| wisi 
we may expect a rise in the number of those wl rf ae 


take a permanent interest in spiders, and a long- 
overdue increase in the attention paid them by pro- 
fessional zoologists. There are few animals mor: 
worthy of study, and a growth in active arachnology 
would be the reward, apt and appreciated, which the 
authors so amply deserve. T. H. Savory 
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SOME CONCEPTS OF ETHOLOGY 
By Dr. W. H. THORPE, F.R.S. 


Jesus College, Cambridge, and University Department of Zoology 


'HOLOGY is a convenient word to denote 
kK behaviour study in the widest sense, and if 
sei in this way ecology, ethology, bionomics and 
taxonomy can be regarded as the four divisions which 
together comprise the study of the whole living 
munal as distinct from anatomy, physiology, 
embryology and genetics (with all their included 
sub livisions such as histology, cytology, biochemistry, 
tc.), Which constitute the study of its parts and of 
its development. The term ethology has recently 
mie into much more general use than before as a 
result of new theories primarily concerning instinct, 
which are due in the first place to the work and 
sriting of Konrad Lorenz! *; but it would be a 
great mistake to confine its use solely to the work of 
those who are known to base their studies on any 
particular theoretical scheme, whether of Lorenz or 
nother. The word is potentially much too useful to 
be restricted in this way. Nevertheless, wide as the 
real meaning of the term is, there is little doubt that 
the present popularity of behaviour study is in fact 
weely due to the stimulating and clarifying effect 
orenz’s theories ; and it is interesting to consider 
how some of the essential concepts in this field have 
fared during the fifteen years or so since!-* his scheme 
was first put forward in its definitive form. 
The essential elements of Lorenz’s formulation are 


‘ss follows : 

(1) The division of behaviour into a flexible 
ippetitive behaviour and the relatively rigid con- 
sunmatory act. 

2) The assumption that the fixed action pattern 

the latter is generating some specific action 
potential (a term which now includes the essentials 
{ the original action specific energy concept of 
Lorenz and in effect supersedes it). This brings 
ack in a new form the concept of internal drive, 
so resuscitating the essential idea of instinct. 
(3) The concept of the ‘innate releasing mechanisin’ 
ch assumes there to be within the central nervous 
system a series of mechanisms of a particular type 
ch effectively inhibit or block all discharge of 


ctivity unless the animal encounters the right 
environmental situation or stimulus to remove or 
ise the block. 
(hese and other considerations led almost in- 


ably to the hierarchy scheme of Tinbergen‘, 
rding to which there are a number of tiers or 
Is within the total organization which makes 
yp an ‘instinct’, and incorporated in level 
we one or more innate releasing mechanisms. On 
the receptor side these are in some wey attuned to 
the biologically right stimuli or situations in the 
environment—as, for example, the appearance of the 
sexual partner or the specific prey—and are, as it 
were, unlocked by the appropriate environmental 
reloasers and only by them, thus allowing behaviour 
to proceed to the levels below, only in the biologically 
right situation. These -lower levels in their turn 
incorporate blocks which, while they remain un- 
moved, prevent action of these lower centres pro- 
ceeding. So long as such lower centres remain 
blocked the action potential will therefore be diverted 
into the type of action known as appetitive behaviour, 


each 
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which is ‘directive’ in that it tends to bring the 
animal into the kind of environment where the 


appropriate releaser is likely to be encountered. 

Finally, to make clear that this scheme is not 
of innate or inborn behaviour only, it should be 
mentioned that although Lorenz regarded the 
learning abilities of animals as meinly operative in 
the sphere of appetitive behaviour, his theory is. by 
no means an anti-learning one; indeed, besides 
accepting the categories of learning already usually 
assumed, he found it necessary to a new 
one—imprinting—to effect, in certain special cases 
only, the required rapid adjustment between the sim- 
plified or skeleton organization which constitutes the 
releaser and its correlate, innate releasing mechanism, 
and the more elaborate or detailed pattern to which 
the individual animal has to respond. 

The immediate attractiveness of this scheme lay 
first in its apparent avoidance of the vitalistic 
approach—for the objective of the animal is no 
longer the attainment of the final biological goal or 
(which it is, of course, inconceivable in most 
that it couwd know about) but rather the 
performance of the rigid consummatory acts them- 
selves. Besides thus providing a physiologically 
reasonable system in place of an obviously untenable 
vitalistic one, this system at once showed some other 
In particular, it stressed 


one 


propose 


result 3 


cases 


tremendous advantages. 
the fact that evolutionary relationships are often 
expressed even more clearly by similarities and 
differences in behaviour than they are by structures 
and morphological characteristics, and so the theory 
provides an excellent approach to the taxonomic 
analysis of behaviour. Moreover, the very fact that 
these behaviour patterns are so constant as to be 
taxonomically valuable makes it inconceivable, at 
least in so far as the invertebrates and the majority 


of the non-mammalian vertebrate groups are con- 
cerned, that learning can be playing a significant 


part in their production. It seems apparent that 
within the insects, for example, countless thousands 
of instances of specific behaviour (such as acts re- 
lated to pupation which are performed only once 
in the life of the individual) cannot possibly be the 
sole expression of anything that can by any con- 
ceivable definition be called learning. Nor, to take 
another example, is there evidence that the olfactory 
selection of hosts by hymenopterous parasites or 
other insects is primarily learned. On the contrary, 
in Nemeritis Thorpe and Jones® (misquoted by Lehr- 
man® to give the exact opposite of the true meaning) 
found the choice to be preponderatingly inborn and 
only to a relatively minor degree modified by learning. 

Finally, Lorenz’s idea of internal drive held back 
by the block or inhibitory action of the innate 
releasing mechanism system until the right releaser 
is encountered at once attracts the field naturalist 
and especially the field ornithologist, for it supplies 
a ready explanation for a vast amount of puzzling 
behaviour—displacement and vacuum activity— 
which it seems otherwise extremely difficult, if not 
impossible, to interpret. 

It appears that the most fundamental concepts at 
the base of these theories of animal behaviour are 
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centred around the idee. of internal drive ; but before 
discussing this central problem it will perhaps be as 
well to consider one or two of the criticisms which 
have recently been directed against these current 
theories of instinct. 

First, it has been objected that there is an un- 
warranted dualism in instinct theory. Thus Kennedy? 
in effect says that all behaviour is, in fact, reflex and 
that all evidence for any internal drive is spurious. 
He argues that the current objection to the universal 
employment of the term reflex among behaviour 
students is due to the fact that they have an out- 
of-date picture of reflex which is ‘‘a wooden caricature 
of reality’. But he himself clings to its use because 
he regards it as the sole behaviour concept which 
embodies the principle of determinism—which, if it 
means anything, is tantamount to saying that it is 
rigid. The whole matter is, in fact, a quibble. 
the term reflex is regarded as implying relative or 


absolute rigidity, then it is still useful to behaviour 


students (as it is to physiologists) in certain restricted 
If, on the other hand, it simply means 
-then it is better to say so and to drop 
reflex. It is significant that Pavlov’, 
who did in fact widen the use of the term so that 
it became practically meaningless, nevertheless 
handicapped his followers by his retention of it 
and by his contention that instincts are ‘‘nothing 
but” reflexes. He urged (as Kennedy says) that 
the investigation of instincts the “next im- 
portant task”, but none of his followers heeded 
this. The reason is not far to seek: the idea of 
the reflex did not alone provide them with the 
concepts necessary for the work, and it was, as I 
think all critics admit, the coming of Lorenz’s 
formulation which was the signal for the great modern 
development of analytical work on instinct. This 
was not so much because the ideas contained in it 
were hew—actually none of them was entirely new— 
but it was rather because here was a new system 
which facilitated and invited experiment and, by the 
way in which it is articulated, directed attention to 
those points in the vast and varied phenomena of 
instinct where experimental analysis was both 
profitable and immediately practicable. It has also 
been argued® that present-day instinct theory often 
blinds those who use it to the evidences of adjust- 
ment by learning which their animals display. It 
may indeed be possible to point out occasional 
relevant instances of animal learning which some 
modern workers on instinct have missed because of 
their concentration on the latter field; though it 
would also be possible to point to examples where 
such theories have actually inspired research on 
learning. But it would be far easier to name scores 
of workers who have missed the whole field of 
instinctive behaviour because of their obsession with 
the learning process. It is largely because of this 
that the work of those modern schools of comparative 
psychology which are based exclusively on the theory 
and investigation of learning only too often 
virtually useless to the zoologist, and it is the failure 
of such which has thrown into relief the 


contexts. 
‘response’ 
the term 


is 


is 


schools 


immediate relevance for the naturalist of so much of 


modern instinct theory. To say either “all behaviour 
is learned” (as Hebb® or Lehrman’ appear in effect 
to do) or “all behaviour is reflex’ is at the present 
time as stultifying for research as it would be to say 
that all behaviour is innate. It may, of course, be 
possible so to extend the definition of the terms 
‘reflex’, ‘learned’ and ‘innate’ in such 2a menner that 


NATURE 


If 


July 17, 1954 vou. 17 


such statements are virtually true ; but when this is 
done the terms themselves thereupon become pr: - 
tically useless, for such statements give @ spurious 
simplicity and uniformity to what is, in fact, highiy 
complex. 

Kennedy argues that it is for social reasons thi 
the dualistic approach which he finds so reprehensil 
has lingered in biology, psychology and _ philosophy 
long after it was abandoned in physics and chemistry. 
To me it appears to be rather for epistemological 
reasons: and may it not be that dualism is still 
necessary in biology simply because living organisins 
are different from non-living ones ? Directiveness or 
purposiveness, whatever anyone may say, is chiar- 
acteristic of living systems; and Sommerhoff?® has 
recently made a brilliant and courageous, althoug): | 
consider ultimately unsuccessful, attempt to express 
the essential directiveness of organisms in purl) 
physical terms. Until this has been done convincing! 
and without any room for doubt, there is no justi- 
fication for denying the place of dualism in biolozy. 

Lehrman® takes objection to a number of ideas 
which he claims workers upon instinct hold, but some 
at least of these objections appear to be due to mis- 
understanding. He himself apparently starts out 
with the idea that all behaviour must be learned--a 
conclusion surely only possible to one who has con- 
fined his studies to certain very special cases among 
mammals, and difficult to maintain even th 
Moreover, he finds difficulty in accepting the abun- 
dant evidence that complex behaviour patterns are 
inherited he is unwarrantably thinking 
of such inheritance as involving some sort of pi 
formationist doctrine of the instinct being itself 
within the germ plasm. This would indeed be an 
unjustifiable reification ; but I am not aware of any 
ethologist ever having implied any such thing. What 
modern instinct theorists mean when they speak of a 
motor pattern or an innate releasing mechanism beiig 
inherited or inborn is that it is genetically ‘coded’ and 
so determined in the sense that the behaviour is co 
stant, even though the environment may be relative 
inconstant and may contain no stimulus adequate for 
the determination itself. They do not mean, and never 
have meant, any such absurdity as the statement 
that “the organism is independent of its environ- 
ment’’. On the other hand, Lehrman seems to oppo 
reification where it is not only useful but even 
necessary. Crude isomorphism is rightly suspect : we 
need not, for example, suppose that the engram of a 
cube is itself cubic. But his objections would seem |» 
lead to the rejection—as unjustifiable reification a: | 
isomorphic preconception—of the basic assumption 
of neurophysiology that there is to be expecte! 
within the central nervous system a system 0 
organization sufficiently similar in certain essenti 
relations to the observed behaviour to be able to 
serve as a code; and this is all that instinct theoi 
need imply. It is exactly in this sense and 
this sense only that the behaviour of embryon 
tissues end their constituents (such as blastomere- 
histoblasts and the cells of imaginal buds), where t] 
problem of organization is presented most vividl), 
»may be said to be inherited. Lehrman thus appea:s 


because 





essentially antiphysiological, although utterin +} 
appeals for more physiology. The term innate, how - 
ever, is admittedly liable to cause confusion in tha 

it incorporates three different strands of meaning : 
(1) internally co-ordinated, (2) inborn, and (3) drive 

from within. The first applies to practically ail 
behaviour; (2) may apply equally to instinct and 
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refl-x, While (3) appears to be especially characteristic 
istinct. 

ihis brings us to the problem of drive and con- 
sunimatory act, which must be considered more 
fully since it is in many ways central to the whole 
sul ject. Tolerably objective definitions of these 
two terms have been given as a result of an in- 
ternational conference!! at which a number 
behaviour students representing the most varied 
aspects and methods of approach to behaviour study 
were present ; but critics are apt rather conveniently 


oO 


to overlook this admittedly provisional attempt of 
ethologists to be as objective as possible. We may 


therefore give three of these definitions here : 
rive—the complex of internal and external states 
an stimuli leading to a given behaviour. 


ppetitive behaviour—the variable introductory 

pho se of an instinctive behaviour pattern or sequence. 

(onsummatory act—an act which constitutes the 

termination of a given instinctive behaviour pattern 
r sequence. 

The term ‘drive’ in its earliest usage in behaviour 

literature probably meant little, if anything, more 


than a state of internal activity or disequilibrium of 


the central nervous system or of internal organs in 
their turn stimulating the nervous system. So long 
as he meaning was itself restricted it was unobjection- 
ab 
‘instinct’. So early as 1911, however, Ladd and 
Woodworth!? were using the term to cover the 
mechanism by which activity was internally governed 
end directed along certain channels, and so no sooner 
hal the term ‘instinct’ been abandoned by psycho- 
logists and behaviourists than we find ‘drive’ taking 
its place and standing for just those ideas which had 
led to the rejection of the former term. Later Wood- 
worth’® pointed out that habit mechanisms, in any 
event in human beings, may become drives and implied 
that since, in his view and that of many earlier 
writers, habit and instinct had much in common, the 
co-ordinating mechanism of the behaviour pattern 
itself might be generating the drive. 

In the late *thirties, Lashley’? and Lorenz}-* 
realized independently that the aspect of instinct 
which would be most profitable for study was not 
specifically the drive itself, central though that idea 
's to the whole field, but rather the internal system 
of co-ordination of special behaviour patterns on 
oic hand and the special receptive sensory mech- 
isms on the other. In fact they concentrated their 
attention on the whole specific sensori-motor organ- 
izution of the behaviour patterns, considering the 
complex and stereotyped action system to be more 
fundamental to the subject than any immediate 
question of drive ; and both these workers proposed 
that a study of these mechanisms themselves might 
throw light on the problems of drive and motivation. 
Lishley in effect suggests that all cases of motivation 
might well turn out to be the result of the activities 
0! specific co-ordination mechanisms and that general 
drive is really nothing more nor less than the partial 
excitation of a very specific sensori-motor mechanism 
invadiating to affect other systems of reaction. We 
thus arrive at something very like the concept of 


al 
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Ss} ccifie action potential which, in the form of action 
specific energy, was to play such an important part 
1. Lorenz’s system. Lashley’s ideas, penetrating 
though they were, perhaps aimed at little more than 
supplying some general directions for future experi- 
ments and theorizing, whereas Lorenz’s contribution 
Was to produce a thoroughgoing theoretical system 


NATURE 


of 


¢ 


enough even to the avowed opponent of 


103 


of behaviour more comprehensive than any which 
had preceded it. 

The idea of a relatively rigid consummatory act is 
thus a theoretically fundamental one, and it brings 
with it the methodologically invaluable distinction, 
which had in fact been made years before by Sher- 
rington!®, between appetitive behaviour and con- 
summatory act (pre-current and consummatory 
responses, as Sherrington called them). W hile this 
separation into two categories probably continues to 
be as useful as it has ever been, it has now become 
abundantly clear that the distinction is not a hard 
and fast one. Much appetitive behaviour contains 
consummatory acts of what might be termed the 
minor grade, and the work of Hinde? (to whom I arn 
indebted for much useful discussion of such problems) 
on the behaviour of the great tit (Parus major) and 
that of Hinde, Thorpe and Vince!’ on the following 
responses of young moorhens ((Gallinula chloropus) 
show quite conclusively that in these cases appetitive 
behaviour and consummatory act vary in degree of 
rigidity and flexibility ; no absolute distinction can 
be made between them. Both are to some extent 
spontaneous in that they show evidence of internal 
activation, both are stereotyped to some degree 
and show some rigidity, and both are to some extent 
flexible. Thus the classic examples of appetitive 
behaviour and consummatory act can be regarded 
as the two ends of a series, ranging from extreme 
variability and plasticity on one hand to almost 
complete fixity on the other. Moreover, much 
appetitive behaviour consists in a process of searching 
which can be described as locomotion with a par- 
ticular orientation. Since it may often happen that 
the conclusion of the appetitive behaviour is the 
finding of a particular object or attainment of a 
particular situation (that is, a particular perceptual 
set) and not necessarily the performance of a par- 
ticular act, so similarly it is sometimes a perceptual 
set or locomotion with a particular orientation 
thereto which turns out to be consummatory. So we 
can be fairly clear that not all drive arises from the 
co-ordination mechanism of a specific consummatory 
act. Moreover, since many consummatory situations 
or perceptual sets are extremely general, some drive 
at least must also be generalized, suggesting as in 
the system of Tinbergent an effect coming from 
higher centres ; these higher centres being, according 
to much evidence, the ones most closely and directly 
linked in activity with levels of hormone pro- 
duction ; and so once more we seem to be approaching 
the concept of some entity flowing down pre-formed 
channels. Although, of course, for the sake of sim- 
plicity the organization of the appetitive behaviour 
is entirely omitted from Tinbergen’s scheme, so that 
the hypothetical channels are only shown as leading 
from the appetitive behaviour to the consummatory 
act, there is no doubt that appetitive behaviour is no 
less complex than the latter, and that if such path- 
ways are present in the one they must also be present 
in the other. Consummatory situations are clearly 
demonstrated if we analyse carefully the process of, 
say, the building of a complex domed nest by a bird 
such as the long-tailed tit (Aegithalos caudatus). 
Here we cannot escape the conclusion that in addition 
to an elaborate series of releasers (probably most of 
them visual patterns) which determine the way in 
which the various individually rather simple building 
actions are employed to construct the nest, there are 
other situations which are themselves consummatory. 
They may well be thought of as specific ‘inhibitors’ 
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activating what might be called ‘innate inhibiting 
mechanisms’, in that they bring to an end a particular 


series of actions which result in a particular part of 


the nest construction, but do not necessarily them- 
selves initiate the next stage in behaviour. So here, 
too, we see that the goal of such sections of behaviour 
is not the consummatory act by itself, but at least 
as much the experience of having constructed a 
particular object, or having achieved a particular 
situation. Bastock, Morris and Moynihan? have also 
pointed this out with reference to both birds and 
fish, 

In view, then, of these conclusions, what can we 
think about the origin of the drive in such situations ? 
Since it is not related to a particular act or act 
sequence, it cannot properly be regarded as arising 
from the co-ordination mechanism of that act. 
Again, if we look at the recent literature on behaviour 
we are continually being confronted with the terms 
aggressive drive, fighting drive, fleeing drive, etc. 
Here again in many cases we cannot find a specific 
consummatory act which is sufficient by itself to 
complete the behaviour sequence. In aggression, the 
pattern of attack or of fighting may, it is true, be a 
consummatory act in a sense, but it is often a pattern 
which can be used in a number of different situations, 
and it only becomes consummatory for a certain 
piece of behaviour when it takes place in a certain 
situation. So here again it is a situation which is 
consumimatory at least as much as the act. When 
we consider the fleeing drive the position is even 
more clear, as was seen by Wallace Craig?® in his 
discussion of aversions; it is very doubtful in many 
cases whether there is a specific consummatory act 
terminating a fleeing drive. In such situations, as, for 
example, in bird behaviour, the act of recognizing a 
rival fellow member of the species, of expressing 
antagonism or dominance to it or of fleeing from it, 
must all in part be consummatory, although they 
do not in by any means all cases lead to a particular 
act, and it becomes difficult to describe the actual 
situation except in terms involving the self and 
another member of the species recognized in relation 
to the self. The outcome of these considerations is 
that in order for there to be any flexible working 
towards a goal situation of whatever kind, there 
must be some schema of the act and the releasing 


situation together, as, for example®°, the learning of ° 


song by a chaffinch (Fringilla coelebs), where the 


‘goal’ seems to be a descending series of notes of 
2:5 sec. duration of a certain degree but quite 
unspecified kind of complexity. This schema, 


inborn or learned, but usually a combination of both, 
appears to be generating ‘potential’. Hayes, Russell 
et al.*1.22 see this clearly and they suggest, purely for 
purposes of illustration, that if we were able to 
introspect an innate releasing mechanism while its 
output was still below the release level, we should be 
aware of a goal. For a specific drive (‘act-available- 
message-set’ in the information theory terminology 
of these authors) the schema must be relatively 
precise, while for a superordinated drive (‘animal- 
available-message-set’)-coming from a ‘higher’ region 
of the hierarchy system it must be far more general. 

But whether the climax of the behaviour is a 
specific or a general situation, the concept of 
appetitive behaviour is crucial for the problem of 
drive. Where it is relatively stereotyped and consists 
of random or unoriented locomotion, as in klino- 
kinesis, it raises few difficulties. But where it is more 
variable and has to be precisely directed or oriented, 
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some important problems arise. In order to account 
for the flexible directiveness which is the most 
characteristic feature of appetitive behaviour—that 
is, in order to account for the appearance of pur- 
pose displayed—there are two possible alternatives. 
One can assume a very great variety and com- 
plexity of pre-formed pethways, each of which 
as a result of evolutionary selection, directive in t 
sense that all well-designed machines are directive, 
and which serve as possible alternatives. Certain of 
these would then come to be preferred by a trial-ani- 
error process as a result of reinforcement by the 
attainment of a releasing situation and the ensuing 
consummatory act. Besides this, one can suppose 2 
‘directiveness’ of a more subtle kind in the 
that progressive approximations to the 
releasers are perceived and so reinforced, with the 
result that the animal, by means of a real bu 
extremely short-term purposiveness and anticipation, 
succeeds in steadily sharpening the configuration of 
the innate releasing mechanism. Thus by graduall\ 
building up its own releasers, the appetitive be- 
haviour as a whole becomes, in effect, welded into 
a directional unit which gives an overall impression 
of purpose much greater than the apparent sum total 
of the minute gleams of purposiveness which are 
supposed to have played their part in its development 
in the individual. 

It is evident that the first alternative must be 
very widely operative in animal behaviour. The 
question is how far is the second concept necessary. 
It seems that to account adequately for all varieties 
of appetitive behaviour it is necessary to assume that 
not only are the fixed action pattern and the 
inhibitory mechanism by a feed-back device together 
generating some motivation for the next phase, but 
that some short-term purpose in the super- 
ordinated drive itself must be postulated. The 
concept of appetitive drive as nothing more than a 
completely non-directive ‘force’ rigidly confin: 
within a previously co-ordinated system of conduits 
together with the specific action potential of a con- 
summatory act seems inadequate to cover the great 
variety of behaviour observable. Many biologist 
will no doubt object to the introduction of such 
concept as purpose into their subject and, of course. 
there are great fields of biology in which, howeve: 
directive the organization and activities may appear, 
the concept of purpose is either definitely redunda: 
or, to say the least, is of doubtful wtility. Sommer- 
hoff tries to solve the problem by separating ‘purpose’ 
(as subjective adaptation) from ‘purposiveness’ (2 
objective adaptation) and claims that his system o 
directive correlation is all that is necessary for th 
objective description of purposiveness in livin 
organisms. But here he seems to fail ; for, as Seriven* 
shows, on Sommerhoff’s analysis some machine 
would be classed as living beings and some livin 
organisms (including some human beings) would bi 
classified as nothing more than machines. So w 
still lack a satisfactory set of terms and concepts 
which will serve for the description of all examples 
of directively correlated animal behaviour and thus 
we still require the concept of purpose. In usin: 
such a term we, as biologists, need not, of course, 
come to any conclusion as to the relation betwee! 
mechanism and mental events. If we decide, as th: 
result of experiment, that the behaviour of an animal 
gives reasonable evidence of purpose as distinct from 
directiveness, we mean that its behaviour cannot be 
fully or reasonably explained by mechanisms at 
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present known to be operating within the body of 
the animal—although if we can point to a sufficient 
mechanism, that does not necessarily mean that true 
purpose is absent. As Agar*! says, it is the task of 
biologists to investigate such mechanisms down to 
the most minute detail; but while the assumption 
ani investigation of mechanisms is an _ essential 
method of biology, it is hard to conceive as a really 
fundamental explanatory principle in a biological 
philosophy. On the other hand, as Woodger®® has 
indicated, it is doubtful whether the causal efficacy 


of purpose can be proved in the sense that all other 
explanations are excluded. “It is always possible to 
defend microscopic mechanisms in principle . . . by 


malking your mechanism complicated enough and by 
postulating enough sub-mechanisms to meet all con- 
tingeneies. It cannot then be refuted, but neither 
can it be verified.” 


But, purpose apart, Kennedy has objected to 
the ethologists’ use of many other much more 
rihodox terms which he regards as_ subjective. 


He ignores the definitions above referred to, and 
appears to argue that the many of these 
terms is inadmissible in that in employing them 
ethologists have abandoned all pretence of being 
objective and are back in the jungles of subjectivistic 
animal psychology. Tinbergen does indeed claim 
that the particular value of his system is that it is 
objective, and in this he is undoubtedly right. When 
compared with much of the naturalistic comparative 
psychology which was not infrequently met with 
prior to the publication of Lorenz’s main papers, its 
objectivity is plain and is certainly an inestimable 
But there is a danger lest objectivity 


use of 


awivantage. 
come to be thought of as the sole requirement 
of a system of behaviour study. Of course, although 
concepts are ultimately subjective in origin, 

it is usually possible to restate them in more or 
less objective terms and thus to clothe them with 
whatever degree of respectability may be required 
by the climate of scientific opinion at the moment. 
Actually, to me, the great merit of the behaviour 
theory of Lorenz—for much of the development of 
which Tinbergen is responsible—is that, in fact, as 
the writings of both these authors show, it combines 
th objectivity and subjectivity and (in the first 
place by distinguishing flexible and inflexible be- 
haviour) helps one to specify where each hes its 
rightful place and each its dangers. Sommerhoft’s 
ilure in his main task shows in, I think, a par- 
‘ularly dramatic fashion thet both subjectivity and 
jectivity are necessary in the scientific study of 
e and that a biology which succeeds in being purely 
jective (however successful it may be in parts of 
s field) must fail to provide a full biological 
»hilosophy—just as surely as a purely subjective 
hiology must, of course, fail. In other words, sub- 
‘ctive concepts derived from introspection are among 
he essential tools for the study of life, and the only 
ope for a complete biology is to combine subjective 
nd objective in the right proportions, using each 
pproach with due circumspection and adequate 
-feguards, as it is required. All our concepts, in 
hatever field, are of course in the lest resort sub- 
‘ctive in that they are the conscious expressions of 
ur own experiences. © Although, as stated above, 
here are wide fields of biology where it is possible, 
nd indeed essential, to achieve a very high degree 
f objectivity, there are many sections of ethology 
oncerned with the modifiable behaviour of the higher 
nimals where we sometimes simply cannot progress 


NATURE 


105 


without concepts of a high degree of subjectivity. 
Polanyi®® has said that science does not require that, 
in the study of man and society, we attempt always 
to remain detached observers; ‘‘On the contrary, 
the part played by personal knowledge in science 
suggests that the science of man should rely on 
greatly extended use of personal knowing”. I would 
add that the same applies to certain fields of biology 
other than those which deal exclusively with man. 
But we have above all to beware of falling into the 
trap—which has so frequently caused the downfall 
of past students of living matter—of supposing our- 
selves objective when, in fact, we are being sub- 
jective. First and all the time we must know 
precisely where and to what extent we ere using and 
relying upon subjective concepts. It is essential to 
avoid confusion here if biology is to deal adequately 
with the vast theoretical problems that confront it. 


1 Lorenz, K., Folia Biotheor., 2, 17 (1937). 

* Lorenz, K., Naturwiss., 25, 289, 307, 324 (1937). 

* Lorenz, K., Zool. Anz. (Supp. Band), 12, 69 (1939). 

‘ Tinbergen, N., ‘The Study of Instinct’? (Oxford, 1951). 

. — W. H., and Jones, F. G. W., Proc. Roy. Soc., B, 124, 56 
(1937). 

®* Lehrman, D. S., Quart. Rev. Biol., 28, 337 (1953). 

7 Kennedy, J. S., Brit. J. Animal Behav., 2, 12 (1954). 

8 Pavlov, I. P., ‘Lectures on Conditioned Reflexes’? (New York, 1928). 

* Hebb, D. O., Brit. J. Animal Behav., 1, 43 (1953). 

1° Sommerhoff, G., ‘‘Analytical Biology’? (Oxford, 1950). 

1 Thorpe, W. H., Bull. Animal Behav., 9, 1 (1951). 

Ladd, G. T., and Woodworth, R. S., ‘‘Physiological Psychology” 
(New York, 1911). 

13 Woodworth, R. S., ‘‘Dynamie Psychology” (New York, 1918). 

1 Lashley, K. S., Psychol. Rev., 45, 445 (1938). 

‘Ss Sherrington, C. S., ‘‘The Integrative Action of the Nervous System’ 
(New York, 1906). 

16 Hinde, R. A., Behaviour, 5, 189 (1953). 

17 Hinde, R. A., Thorpe, W. H., and Vince, M. A. (unpublished, 1954). 

‘8 Bastock, M., Morris, D., and Moynihan, M., Behaviour, 6, 66 (1953). 

19 Craig, Wallace, Biol. Bull., 34, 91 (1918). 

20 Thorpe, W. H., Nature, 178, 465 (1954). 

2! Haves, J. S., Russell, W. M. S., Hayes, C., and Kohsen, A., Behaviour, 
6, 85 (1953). 

22 Russell, W. M. S., Mead, A. 
(1954). 

23 Scriven, M., Mind, 61, 416 (1952). 

24 Agar, W. E., “The Theory of the Living Organism” (Melbourne, 
1943). 

25 Woodger, J. 

6 Polanyi, M., Cambridge J., 7, 


P., and Hayes, J. S., Behaviour, 6, 153 


H., “‘Biological Principles’ (London, 1929). 


3 (1953). 


INSTITUTE OF MICROBIOLOGY, 
RUTGERS UNIVERSITY 


TT HE newly completed building of the Institute 

of Microbiology of Rutgers University, New 
Brunswick, the State University of New Jersey, was 
officially opened on June 7, addresses being given by 
Dr. A. J. Kluyver, of the Technical University, 
Delft, President L. W. Jones, of Rutgers, and Dr. 
Selmen A. Waksmean, director of the Institute. 
Following the opening ceremony, 2 two-day sym- 
posium on ‘Perspectives and Horizons in Micro- 
biology” was held. 

Rutgers University is the eighth oldest Colonial 
college in the United States; it was given a charter 
25 Queen’s College in 1766 by King George III, and 
the Institute of Microbiology is one of its newest 
divisions, the decision to create the Institute having 
been taken by the trustees of the University in 1949. 
Dr. Waksman and his colleagues of the Department 
of Microbiology of the University’s College of Agri- 
culture have discovered a number of antibiotics, the 
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most notable being streptomycin, for which Dr. 
Waksman gained the Nobel Prize in Physiology and 
Medicine for 1952, and the establishment of the 
Institute is a direct result of the royalties paid by 
manufacturers of streptomycin to the Rutgers 
Research and Endowment Foundation. The Founda- 
tion decided to dedicate these royalties to micro- 
biology, and the Institute will be devoted primarily 
to research in the various fields of microbiology, 
which will be treated as a fundamental science, 
although certain practical applications will not be 
overlooked. The staff of the Institute will investigate 
micro-organisms from the point of view of occurrence 
and classification, cytology and genetics, physiology 
and biochemistry ; it will also probe the relationship 
between microbes and higher forms of life, including 
man, his domesticated animals and plants. Con- 
comitant with these basic studies, other divisions of 
the Institute will examine some of the practical 
applications, such as production of antibiotics, 
vitamins and enzymes, and some of the fermentation 
processes. 

In view of the necessity of training a large nuinber 
of microbiological investigators, the staff will; also 
carry out a certain amount of advanced-level 
teaching, instruction being given to about twenty- 
five graduate students and several post-doctoral 
Fellows. It is hoped that the Institute will serve as 
a gathering place for seminars and conferences on 
microbiological subjects as well as a depository for 
microbiological cultures of theoretical or practical 
importance. It will collaborate with government, 
medical and industrial agencies in the development 
of important projects in the field. 

The Institute is on the new University Heights 
campus at present being developed as the science 
centre of the University, and is situated on a slight 
rise in the ground overlooking the University golf 
course. Following a traditional pattern, the new 


edifice adheres to the Georgian Colonial architecture 
that dominates many of the University’s buildings, 


being a four-story red-brick building, flanked by two 
wings, 82 ft. deep by 42 ft. wide, the whole enclosing 
a central area approximately 150 ft. long by 50 ft. 
deep. The overall length of the building is 302 ft. 
The central part of the first and second floors contains 
teaching and research laboratories and is constructe: 
of removable metal partitions. The laboratory area 
for the most part is divided into units 10 ft. wide, so 
that laboratories of any desired width in units o 
10 ft. can be established. The central area on th: 
first floor will be devoted to teaching and to graduat: 
student research. It includes a large and a smal 
teaching laboratory, classrooms, a microbiologica 
museum and several research laboratories. Th: 
lecture hall seats two hundred persons and is in thi 
right wing of the first floor. 

The centre and right wing of the second floor i: 
the principal area of research occupied by th 
research staff of the Institute. In most instances 
offices for the scientists are connected to the labor 
atories. In addition to the research laboratories, this 
area includes a number of special instrument rooms, 
warm rooms, sterile rooms, cold rooms, a radio- 
isotope room, a photography suite, a sterilizing and 
washing room and solvent extraction rooms. The 
right wing over the lecture hall is devoted to animal 
experimentation and contains four temperature- 
controlled animal rooms, an autopsy room, a sterile 
room, an instrument room and an _ incinerator 
room. 

Approximately half the left wing is devoted to 
the pilot plant, where fermentation processes can be 
carried out on a large scale. It contains a number of 
fermenters ranging in size from one to three hundred 
gallons, and it is two and a half stories high. The 
remainder of the left wing is given over to a solvent 
extraction room, a maintenance shop and storage 
rooms. The library reading room, seminar rooms and 
administration offices are on the third floor. There 
is room for approximately seven thousand volumes 
in the library, the stacking area being immediately 
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above the reading room. The fourth floor is used for 
mference room, dining room and kitchen. The 
tot.l cost of the building was approximately 3,050,000 
lars. The equipment is valued at approximately 
451.000 dollars. 

he Institute is a co-ordinate 
niversity, and as director Dr. Waksman is respons- 
ible solely to the President and Trustees of the 
University. The staff includes the following: 
Associate Professors, Dr. V. Groupe (virologist), Dr. 
W. J. Nickerson (physiologist) and Dr. Ruth E. 
iordon (taxonomist); Assistant Professors, Dr. H. 
-hevalier (microbiologist) and Dr. Waclaw Szybal- 
ski (geneticist); and six investigators holding the 
rank of instructor. In addition to the director, the 
ad:ninistrative staff has provision for a vice-director, 
who has not yet been selected, an executive secretary, 
an editor-librarian and six secretaries. The tech- 
nical staff includes several research associates and 
as-istants, and twelve to fifteen laboratory, technical 
ind maintenance workers. 
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DEDICATION OF THE LABORA- 
TORY OF OCEANOGRAPHY, 
WOODS HOLE 


rIYHE new Laboratory of Oceanography at Woods 
Hole, described in Nature of May 29, was opened 
ceremonially on June 21 by Rear Admiral F. R. 
Furth, U.S.N., Chief of Naval Research. He said 
that although most of what the Navy requires from 
oveanography is too specialized to have much effect 
on the development of the subject, it is their intention 
to support oceanographic research in such a way that 
iuilitary requirements would do as little as possible 
to hinder its systematic progress. Admiral Furth’s 
speech, and that of the Assistant Secretary of the 
Navy, James H. Smith, who is responsible for 
research, showed that the U.S. Navy, having de- 
manded such a large share of the potential of the 
Woods Hole Oceanographic Institution during the 
War, and now finding itself unable to relinquish its 
claim, is adding an associated Laboratory of Oceano- 
vraphy large enough to allow the Institution and its 
work to regain much of its former academic char- 
acter: there will again be space and facilities for 
nore systematic study of outstanding basic problems 
ond opportunities for visiting scientists. 
The Navy speakers emphasized that a greater 
understanding of the physical processes in the oceans 
: essential to the solution of some problems bearing 
on amphibious, surface and submarine warfare, and 
rr the best use of weapons, instruments and methods 
«mployed at sea. They regarded the opening of the 
iew laboratory as a major landmark in the Navy’s 
‘ontinuing oceanographic programme. 

Dr. Detlev W. Bronk, president of the U.S. 
National Academy of Sciences, stressed the “spiritual 
value of the oceans which arouse yearning to see and 
o know’. He showed that the action of the Navy 
secretary, Gideon Welles, in 1863, in creating a 
‘ommission on research, had indirectly fostered the 
National Academy, and that the Office cf Naval 
tesearch, which is responsible for the new Laboratory 





f Oceanography, is a lineal descendant of the com- 
nission. He maintained that oceanography gives 
iseful emphasis to the unity of all sciences, and that 
t does much to encourage international unity and 
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amity. The new laboratory, he said, would be a 
challenge to achievement, fostering the spirit of 
adventure as well as yielding much of practical value. 
He believed that the laboratory’s contributions in 
time of war were made possible by its earlier achieve- 
ments in time of peace, and he thought that the 
significant time for research is not the time of 
immediate emergency. 

Speeches of welcome to the new laboratory were 
made by representatives of the State of Massachusetts 
and the township of Falmouth. A message from the 
U.S. Naval Chief of Staff expressed high hopes for 
the continuing alliance of science with the Navy. 


The inauguration of the new Laboratory of 
Oceanography was followed by a convocation on 
oceanography which proved wide in scope and 
penetrating in detail. A summary made at this stage 
can scarcely escape injustice to the many speakers, 
and the following notes give no more than a rough 
guide; the papers and discussion will be published 
by the National Research Council. 

On the first day, emphasis was given to the 
need for team-work between specialists in physics, 
chemistry and biology, to ensure thet those who 
specialize in one aspect of the subject are aware of 
the problems and advances in adjacent aspects. One 
example given was that a knowledge of the physics 
and chemistry helps to indicate the most productive 
areas in the oceans: a particular instance quoted 
was that the distance of the most productive region 
for cod fisheries off the coast of northern Norway 
depends on physical conditions which can be fore- 
cast. The importance of studying oceanic circu- 
lation was urged; its problems have been shown 
to be increasingly difficult as more observations are 
made, and it was generally agreed that much more 
effort than has been available in the past would have 
to be devoted to direct measurements using ships, 
telemetering buoys and submerged recorders, as well 
as to theoretical work and model experiments. 

It was pointed out that although the basic prin- 
ciples which govern water movements have been 
known for more than a century, there are. still 
difficulties such as turbulence, or random movements 
on various scales, which prevent us from under- 
standing how the basic principles govern water 
movements in Nature. It was shown that a statistical 
approach to the theoretical treatment can be made 
where the analysis is too difficult and the data 
inadequate. Other speakers showed what oceano- 
graphy might do for navigation, coastal enginéering 
and other marine industries. It was urged that the 
efforts spent on using the sea and in protecting lives 
and human interests against it warrants an under- 
standing of its behaviour as detailed as might be 
gained with the help of modern discriminating and 
refined scientific methods and techniques as well as 
by simple observation and reasoning. 

The second day was devoted to the discussion of 
work bearing on the productivity of the oceans and 
the distribution of marine organisms. One of the 
chief contentions, that the amount of organic pro- 
duction in tropical and subtropical parts of the 
oceans is strictly dependent on the physical con- 
ditions, the supply of phosphate and nitrate from 
below being far more important than the varying 
illumination from day to day in such regions, had to 
be continued as an informal discussion in the evening. 
The main outcome seemed to be a resolution for 








108 


wider repetition and extension of the work recently 
done by pioneers in the quantitative approach to 
the problem. In the consideration of possible links 
between climatic changes and oceanic productivity, 
a mechanism was outlined by which the decline in 
nutrient resources and fisheries in the western part 
of the English Channel might be explained by 
climatic changes over the far northern Atlantic 
Ocean. The available data indicated that the under- 
standing of variations in a fishery may well require 
a knowledge of the deep-water circulation of the 
ocean as well as a study of the shelf on which the 
fish live. 

Oceanographic and fisheries surveys of the sub- 
tropical and tropical regions of the central Pacific 
Ocean were used to show that fisheries exploiting 
the populations of the high seas could profit by 
guidance from recognizable features of the watcr 
circulation just as fishermen in marginal seas have 
been guided by topographical features. Bottom- 
living animals were not neglected: emphasis was 
laid on the uniformity and small number of species 
living on level sea bottoms as compared with the 
fanna of rocks, reefs and vegetation, which afford a 
greater variety of microclimates to their inhabitants. 
It was made very clear that team-work used to map 
the level floor communities would be a very 
profitable way of widening our knowledge of marine 
The last paper on this day, by Dr. George 
Wald, of Harvard University, on “The Ocean and 
Organic Evolution’, had the most appreciative 
audience of the whole convocation. He 
the ideas of Oparin! and extended them with the help 
of his own studies of retinal pigments and the muscle 
chemistry of the vertebrates and invertebrates. 

The third day was devoted to submarine geology 
and the relations between oceanography and meteor- 
ology. The geological papers dealt largely with the 
structure of the ocean basins and sedimentation 
Evidence of the existence of a sharp 
change in density in the rock about a mile below 
the sea bottom was given particular consideration. 
Other topics were evidence of growth of the oceans 
and atmosphere during geological time and of the 
changing conditions for plant and animal growth. 
The dredging of cretaceous shallow-water fossils from 
the summits of 6,000-ft. deep sea-mounts in the 
Pacific Ocean and 2 merked increase in the deposition 
of calcium carbonate the middle the 
cretaceous period were used as evidence that some 
3,.000—-4,006 ft. depth of water has been added to the 
ocean since that time. 

The discussions on oceanography and meteorology 
emphasized the similarity of the theoretical treat- 
ment needed for oceanic end atmospheric circulation. 
Prof. Palmén how recent studies of the 
budget of angular momentum in the atmosphere 
have suggested a new approach to the whole question 
of transfer of momentum from the atmosphere to the 
He that the 
produced by the differences in height of the water- 
level on the east and west sides of the continents 
provide a more effective mechanism than that of 
frictional forces at the bottom and the coasts. He 
gave numerical values of the sea slopes required to 
provide the necessary momentum transfer. This and 
following papers dealing with the role of inertia and 
stratification in the question of transfer of energy, 
and other aspects of transfer of energy between the 
ocean and atmosphere, were so specialized as to 
cause the convocation to end on a rather sober note, 
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largely due to the conviction that the detailed study 
of such difficult topics is as essential for oceanogray iy 
as for meteorology, so that oceanography cannot 
remain the rather light-hearted subject which it has 
been for the past hundred and fifty years. 


The meetings were held in the lecture theatre of 


the Marine Biological Laboratory, and there was sonic 
pleasantry about what took place ‘‘on the other side 
of the street”. Visitors to Woods Hole could not 
help being greatly impressed by the possibilitics 
which exist in the neighbourliness of the Mauaine 
Biological Laboratory, the Oceanographic Institution, 
the new Laboratory of Oceanography, and _ tlic 
laboratory of the Fish and Wildlife Service, for 
exchange of ideas and co-operation. It was a remai 

able experience to hear much about marine 
research and to enjoy the company of so meny 
marine scientists, and like many other visitors froin 
Europe I am grateful to the National Researc! 
Council and the Office of Naval Research for making 
G. KE. R. DEacon 


I., “The Origin of Life’ (Macmillan, New York, 193- 


sO 


this meeting possible. 


1 Oparin, A. 


OBITUARIES 
Prof. H. Stanley Allen, F.R.S. 


born in Bodmin. 
The fifth son o! 


HERBERT STANLEY ALLEN was 
Cornwall, on December 29, 1873. 
Rev. Richard Allen, a Methodist minister, he was 
always proud of being “‘Cornish by birth’. HH: 
received his early education at Kingswood School, 
Bath, where he won various scholarships and prizes. 
was a senior prefect, and took first place for all 
England in the London Matriculation and, a yea 
later, in the Cambridge Senior Local Examination. 
He was a contemporary of Prof. T. M. Lowry and : 
few years junior to Prof. A. E. Taylor. 

In 1893 he entered Trinity College, Cambridge. 
and in 1897 gained a first class in the second part ot! 
the Natural Sciences Tripos. After a short time in a 
temporary post as assistant lecturer in Aberystwyth. 
he returned to Cambridge to take up research wor! 
under Prof. J. J. Thomson. From Cambridge lh: 
went to Renfrew in 1900 to take charge of Lord 
Blythswood’s Physical Laboratory, and it was whil 
living in Renfrew that he met Miss Jessie Macturk. 
whom he married in 1907. Their family consists o! 
a son and a daughter. He joined the staff of th 
Physics Department at King’s College, London, in 
1905 and soon became a senior lecturer in physics. 
For his work there on the photo-electric effect he 
received the degree of D.Sc. in 1909. 


Allen returned to Scotland in 1920 and served, 
first as a lecturer and later as a reader, on Prof. 


C. G. Barkla’s staff in the University of Edinburgh. 
In 1923 he was appointed professor of natural 
philosophy in the United College of St. Salvator and 
St. Leonard in the University of St. Andrews. His 
first activity in St. Andrews was directed towards 
the reconstruction and enlargement of the Physics 
Laboratory which, after reconstruction, was formally 
opened by Sir William Bragg in 1925. His early 
researches covered a variety of subjects including 
photo-electricity, X-radiation, radioactivity, the 
Zeeman effect and spectroscopy. In St. Andrews his 
main interests were the quantum theory and spectro- 
scopy, particularly the band spectrum of hydrogen. 

His first text-book, *‘Photo-electricity”’, based on 
lectures he delivered et King’s College, London, and 
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published in 1913, contains an account of his own 


work, especially that on photo-electric fatigue. ‘The 


Quentum and its Interpretation” (1928) was, to quote 
his own words, “not a treatise on the quantum 


theory but an attempt to deal with the baffling 
lem of the nature of the quantum”. Although 
nean mathematician, he was never content with 
uwely mathematical representation of phenomena. 
ierever possible, he tried to present a picture in 
terms of a ‘model’, and he endeavoured ‘to take a 
middle course between a mathematical and a purely 
suriptive treatment’’. His ‘Electrons and Waves” 
1932) is devoted to the dilemma, of particles versus 
es. Allen and Moore’s ‘‘Text Book of Practical 
Physies”’, first published in 1916, after frequent 
reprinting, is now in its third edition, and his ‘‘Text 
Book of Heat’, written jointly with R. 8S. Maxwell, 
appeared in 1939. 
lle was elected a Fellow of the Physical Society in 
1906 and of the Royal Society of Edinburgh in 1920. 
He served on the Council of both those Societies and 
was awarded the Makdougall—Brisbane Medal by the 
Roval Society of Edinburgh. He was admitted to 
the fellowship of the Royal Society in 1930, and this 
hoiour he shared with his brother, Edgar Johnson 
Allen, who was for many years director of the Marine 
Biological Laboratory at Plymouth. When he retired 
from the chair of natural philosophy in 1944, the 
University of St. Andrews elected him professor 
emeritus and conferred on him the degree of LL.D. 
Prof. Allen was naturally shy and retiring, and 
onlv those privileged to know him most intimately 
realized the depth of kindness which lay behind his 
juet dignity of manner. His junior colleagues gained 
much from his advice and encouragement, and his 
students will always remember him for his lucid 
style as a lecturer. Every lecture which he delivered 
was thought out with care and presented with the 
utmost precision and clarity. His whole life was 
devoted to the search for truth. There are many who 


pro 
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mourn his death, which took place at the home of 


his daughter on April 27. D. Jack 


Prof. J. P. Hill, F.R.S. 


Pror. J. P. Hitz died suddenly on May 24, in his 
ichty-first year. His first scientific paper was pub- 
lished in 1892; his most recent four years ago; and 
ouly three days before his death he was discussing 
with the librarian of the Zoological Society the 
cing of the illustrations of Part 7 of his series of 
papers on the development of the Monotremata, a 
paper that is now in the press. His span of active 
scientific work thus covered a period of more than 
sixty years. There can be few scientists who have 
enjoyed so long and so fruitful a life of research. 

James Peter Hill was the son of Scottish parents. 
A'ter attending the Royal High School in Edinburgh, 
he joined the Royal College of Science in London, 
before returning to Edinburgh, where he _ studied 
zoology under Cossar Ewart. His first appointment, 
in 1892, was as demonstrator in biology in the 
University of Sydney. From this office he was 
promoted, in 1904, to the post of lecturer in embryo- 
losy. In 1906 he returned to England, to occupy the 
Jodrell chair of zoology and comparative anatomy in 
University College, London. He relinquished this 
appointment in 1921, to take up a chair of embryology 
and histology, which was specially created for him as 
part of the reorganization of the Department of 
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Anatomy in University College that was carried out 
by Elliot Smith with the support of the Rockefeller 
Foundation. He retired from this post in 1938, when 
he reached the age of sixty-five. He was elected to 
the Royal Society in 1913, and was awarded the 
Darwin Medal in 1940. He was an honorary member 
of several foreign academies of science. 

The scientific circle to which J. P. Hill was intro- 
duced as a young man in Sydney included the late 
Prof. J. T. Wilson, who afterwards became professor 
of anatomy in Cambridge ; Sir Charles Martin, who 
was later professor of experimental pathology in the 
University of London; and the late Sir Grafton 
Elliot Smith, who had already begun his now classical 
studies of the morphology of the vertebrate brain. 
Hill’s first research interest was in the Enteropneusta, 
but he very soon turned his attention to the em- 
bryology of the monotremes and the marsupials, a 
subject which remained his chief interest throughout 
his long career. His first paper in this field, published 
in collaboration with Martin, was entitled “A 
Platypus Embryo from the Intrauterine Egg”. This 
proved to be the start of a systematic study of the 
embryology of the duck-billed platypus, which he 
carried out mainly in collaboration with J. T. Wilson. 
He also investigated the process of fertilization in 
monotremes, and the manner of formation of the 
corpus luteum, the phases of development of which 
he was able to correlate with the functional stages 
of the reproductive cycle. In addition, he devoted 
himself to the problem of the placentation of 
Perameles, showing that this animal has an allantoic 
placenta, and to the systematic study of the morpho- 
logy and development of the urogenital organs in 
the Marsupialia. When he returned to England his 
attention became partly transferred to the embryo- 
logy of Eutheria, and particularly to the development 
of the primates, including man. One of the most 
important of his publications is his 1932 Croonian 
Lecture of the Royal Society, on *“The Developmental 
History of the Primates’. This monograph provides 
what is now rightly regarded as the classical account 
of the blastocyst, of the manner of implantation, and 
of the formation and structure of the placenta in all 
the main subdivisions of primates. 

Vol. 82 of the Journal of Anatomy, published in 
1948, was dedicated to J. P. Hill. Prof. D. M.S. 
Watson, in a foreword, describes J. P. Hill 
general zoologist of wide interest and encyclopaedic 
knowledge ; and as a man of delightful and unique 
personality. He also provides a picture of an 
enthusiastic teacher; and of a scientist whose 
quality was not only revealed in his own writings, 
but also in the work of his research students. For 
his influence extended not only to his collaborators 
J. Bronté Gatenby, Thomson Flynn, E. A. Fraser, 
A. Subba Rau, to name only a few—but also to 
numbers of others who, under his guidance and 
stimulus, undertook research on embryological sub- 
jects. J. P. Hill also did much to encourage the work 
on sex hormones that was proceeding in University 
College in the later ’twenties and early *thirties. 

It has been said of him that he was too meticulous 
a scientist, and that he carried a passion for certainty 
to such lengths that he would wait unnecessarily 
long to dot the ‘i’s’ and cross the ‘t’s’ of his discoveries. 
A passion for certainty is, however, a fault in the 
right direction. If it led Hill to withhold from pub- 
lication certain observations which might well have 
been published, we can find compensation in the 
fact that what he did record is of lasting value. 


as a 
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Those who knew him and whom he stimulated will 
never forget the slightly quizzical lcok over the half- 


lenses of his spectacles as he discussed the merit of 


some particular series of observations. Shortly before 
he died, he wrote in a letter: “I am getting very old 
and decrepit, and though I am still trying to do a 
little work it is becoming more and more of a labour’. 


NEWS an 


Physical and Inorganic Chemistry at Belfast : 
Dr. C. Kemball 


Dr. CHARLES KEMBALL, who has been appointed 
to the chair of physical and inorganic chemistry in 
The Queen’s University of Belfast, in succession to 
Prof. A. R. Ubbelohde (see Nature, April 17, p. 710), 
is a Fellow of Trinity College and demonstrator in 
physical chemistry in the University of Cambridge. 
Educated at Edinburgh Academy and_ Trinity 
College, Cambridge, he later became associated with 
Sir Eric Rideal in the Department of Colloid Science 
at Cambridge, first in research for the Ministry of 
Supply and afterwards in more academic studies. 
Here the pattern of his later work took shape, and 
his early studies of the surface chemistry of mercury 
and the thermodynamics of adsorption and mono- 
layers fostered an interest in chemisorption and 
surface catalysis which hes culminated in his well- 
known studies of the deuteration of hydrides at 
metal surfaces. Using the mass spectrograph, Dr. 
Kemball has thrown light on the fundamenta! aspects 
of surface reactions, and his papers show him to be a 
master of clear exposition. During 1946-47 he was 
awarded 2 Commonwealth Fellowship and worked in 
the United States with Sir Hugh Taylor at Princeton 
University ; on his return to Cambridge he con- 
tinued his research in the Department of Colloid 
Science. In 1949 he moved to the Department of 
Physical Chemistry as demonstrator and also became 
junior bursar of Trinity College. As a teacher Dr. 
Kemball is well liked by his students and, though 
his departure is a great loss to chemistry at Cambridge, 
he carries with him the best wishes of his colleagues 
for success in his new work. 


Automatic Contro! and Computing at the 
National Physical Laboratory: Mr. R. H. Tizard 


A NEW Division at the National Physical Lab- 
oratory, which has been formed by the amalgamation 
of the and the Control Mechanisms 
Sections, is to be called the Control Mechanisms and 
Electronics Division. The field to be covered by the 
new Division is the automatic control of industrial, 
administrative and experimental operations and the 
development of techniques and equipment for data 
processing and computation. An industrial example 
of such mechanisms is the automatic control of 
machines producing precision components in large 
quantities. Not only are the operations speeded up 
but also personnel can be released from the boredom 
of repetitive work. It is hoped that this trend will 
not be confined to the factory floor but that many 
routine office operations will also be carried out by 
suitable machines. The new Division is represented 
on a small group formed to study this subject. This 
group also includes representatives from the Organ- 
ization and Methods Division of the Treasury and 
from the Ministry of National Insurance. The new 
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Perhaps he was physically decrepit ; but intellect- 
ually he was unimpaired. At the age of eighty-one 
he had shown neither anv sign of reduced interest 
in scientific work nor any tendency to lower the 
standards which had guided him through a career of 
meticulously accurate observation and single-minded 
purpose. S. ZUCKERMAN 


d VIEWS 


Division is developing automatic or semi-automatic 
equipment to digest test records and similar material 
and produce it in the form of graphs or typescript 
ready for immediate use. Many of the techniques 
employed are electronic in the sense that thermionic 
valves are used, but the terms of reference exclude 
radio and acoustic applications. Thus the Control 
Mechanisms and Electronics Division is interested in 
the application of all forms of light electro-mechanica! 
devices to special problems. Mr. R. H. Tizard, of 
the Metrology Division of the Laboratory, has been 
appointed officer-in-charge of the new Division. 


Liaison Officers at the Nationa! Physical Labora- 
tory: EE. 1. Brimelow and A. J. Garratt, M.B.E. 
THE application by British industry of results ot 

research from the National Physical Laboratory is 

fostered by direct contact between the research 
workers at the Laboratory and individuals in in- 
dustry, as well as by contributions to the scientific 
and technical press. It is, however, felt that much 
more could be done in the way of bridging the gap 
between the research laboretory and industry. ‘lo 
meet this need E. I. Brimelow and A. J. Garrett 
have been appointed liaison officers to work with 
industry. Mr. Garratt is a physicist and an honours 
graduate of the University of London. He was in 
the Civil Service from 1940 until 1951, first with the 
Ministry of Supply (Armament Research Establish- 
ment) and later with the Festival of Britain Offi 
as staff physicist. More recently, he has held 
appointment in industry and is a scientific advise 
to the B.B.C. Television Service. Mr. E. I. Brimelow 
is a metallurgical engineer and an honours graduet 
of the University of Liverpool. He was for eight yeers 
from 1936 engaged in research at the Royal Aireret 
Establishment, Farnborough, on materials for use in 
aircraft. After two years in industry es a metallurgist 
and research and development manager, he join! 
in 1949 the Chief Scientific Adviser's Division 
the Ministry of Works, where he remained unt 
transferred to the Building Research Station (Depar'- 

ment of Scientific and Industrial Research) in 1950. 

He has also served on various technical committe: 

of the British Standards Institution and on advisor \ 

committees of the Ministry of Supply. 


Sir Richard Owen (1804-92) 

Tue first anatomist of his age and one of tlhe 
greatest of all times, Sir Richard Owen was born :t 
Lancaster one hundred and fifty years ago, on Jul 
20, 1804. He studied anatomy at Edinburgh und«: 


t 
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at 





John Barclay, worked as prosector with John 
Abernethy at St. Bartholomew’s Hospital, London, 
and at the age of twenty-two became a member of 
the Royal College of Surgeons of England, in the 
neighbourhood of which he set up practice. He wes 
soon to become one of the most distinguished truants 
from medical practice, and it was at the College that 
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he began his career as comparative anatomist by 
caialoguing the Hunterian Collection under William 
Cliit, whose daughter he married and whom he 
succeeded as conservator of the Museum. His 
“Memoir on the Pearly Nautilus” won him election to 
th: Royal Society in 1834, and two years later he 
wes appointed the first Hunterian professor of com- 
parative anatomy and physiology at the Royal 
College of Surgeons, being elected in 1843 as one of 
its original three hundred Fellows. In 1856 Owen 
became superintendent of the Natural History 
Department of the British Museum and was respons- 
ibie for the building of the present Museum at South 
Kensington. An indefatigable worker and a prolific 
writer of such monumental works as ‘The Anatomy 
and Physiology of the Vertebrates” (3 vols., 1866- 
68), his anatomical interests ranged from parasitic 
worms and brachiopods to the primates; as a 


paleontologist he revelled in the reconstruction of 


extinct animals, and he introduced into comparative 
anatomy the conceptions of homology and analogy. 
His numerous honours included the Copley and a 
Royal Medal of the Royal Society, the Gold Medal 


of the Royal College of Surgeons, the Prix Cuvier of 


the French Academy, and the K.C.B. in 1884. Tall 
and ungainly, with a massive head and prominent 
glittering eyes, Owen was inclined to be overbearing 
and jealous. He died on December 18, 1892, aged 
eighty-eight. 


Higher Technological Education in Great Britain 


IN a statement in the House of Commons on 
July 138, Mr. R. A. Butler, Chancellor of the 
Kxchequer, stated that he has now approved plans 
for the development of higher technological education 
in Britain outside London. The University Grants 
Committee was asked last year to consult with the 
universities and colleges concerned, and as a result 
of the Committee’s recommendations, Mr. Butler 
announced that the main developments outside 
London will be in Glasgow, Manchester, Leeds and 
Birmingham, at institutions already in receipt of 
recurrent grants from the University Grants Com- 
mittee. These plans, and those already announced 
for the Imperial College of Science and Technology, 
London, will necessitate an increase in the funds 
available to the University Grants Committee, for 
hoth recurrent and non-recurrent purposes, in the 
last three years of the quinquennium 1952-57 
covered by the present grants. Referring to the 
Bradford Technical College, Mr. Butler stated that 
the University Grants Committee had been unable 
to inelude this institution in its recommendations 
heecause of the necessity of limiting the number 
of university institutions concerned with higher 
technologica! education. 


Insecticide and Fungicide Research Services in 

Great Britain 

THe Fungicide and _ Insecticide Research Co- 
ordination Service, an interdepartmental service the 
Neeretariat of which used to be accommodated at 
the offices of the Agricultural Research Council, has 
recently been dissolved and the following alternative 
arrangements made. The “Insecticides Abstracts and 
News Summaries” will in future be issued frum the 
office of the Colonial Products Laboratory, Imperial 
Institute Building, South Kensington, London, 
‘.W.7, under the direction of Dr. R. A. E. Galley. 
They will be compiled with the view of meeting the 
needs of Colonial research workers, to whom dis- 
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tribution will for the time being be restricted. The 
analytical work formerly carried out at Woolwich 
will in future be done at Long Ashton Research 
Station, near Bristol, under the direction of Dr. J. T. 
Martin. The Insecticides Standing Conference, the 
interdepartmental body formerly responsible for 
co-ordination of work on insecticides and fungicides 
and for the Fungicide and Insecticide Research 
Co-ordination Service, is to be reconstituted as a 
smaller interdepartmental Committee on Insecticides 
and Fungicides, the secretarial arrangements for 
which will be undertaken by the Agricultural 
Research Council. 


Hydrogen in the Manufacture of Steel 

More than eighty years ago Thomas Graham, who 
was then Master of the Mint, observed that hydrogen 
forms a substantial proportion of the gases which are 
evolved when ferrous materials are heated in vacuum. 
It was not, however, until some fifteen or twenty 
years ago that the great importance of this gas began 
to be fully realized. In the solidification of the ingot, 
and right through to the final user, hydrogen can 
exert a distinctly detrimental effect, of which the 
steelmaker is now fully aware and takes proper 
precautions to avoid. Blow-holes in stcel ingots, 
hair-cracks in forgings, and blisters in thin sheets 
are examples of the dangers which may arise from 
excessively high hydrogen contents, while the 
ductility of the material as measured by the reduction 
of area falls progressively as the hydrogen content 
rises. In the Review issued by Murex, Ltd., Rain- 
ham, Essex (1, No. 13, 305; 1954), K. C. Barraclough 
provides a very useful, critical summary of existing 
knowledge regarding the effect of hydrogen on steel, 
in which a substantial amount of original data is 
also incorporated. The determination of the hydrogen 
content is by no means an easy matter in view of 
the fact that only rarely does the amount of this 
gas in steel exceed 0-001 per cent, and the method 
uset in the Brown—Firth Research Laboratories, 
Sheffield, with which the author is connected, is 
described in detail. Methods of collecting the samples, 
and typical values for steels of different qualities 
and made by different processes are given, and the 
effects of heat-treatment on the hydrogen content, 
and therefore the mechanical properties, are dis- 
cussed for a number of different materials. Mainly 
as a result of the work of Prof. J. H. Andrew and 
his collaborators, it is now well known that the 
‘hair-cracking’ of steel ingots and forgings is intimately 
connected with the hydrogen content, and_ this 
question of outstanding importance both to the 
maker and the user is considered in some detail. 


Absorption by Leaves from Nutrient Sprays 

THE ability of the leaves of barley, brussels sprout, 
french bean, tomato and sugar-beet to take up 
nitrogen, phosphorus and potassium from nutrient 
solutions applied as sprays has been reported by G. N. 
Thorne (J. Hap. Bot., 5, 37; 1954). The plants, 
which were grown in pots of soil and sprayed, usually 
daily, with the nutrient solutions and a spreader, had 
higher nutrient contents and dry weights than control 
plants sprayed with water and the spreader only. 
The absorption of nutrients by the leaves was 
not restricted to plants with a very low nutrient 
supply to the roots. An increase in nutrient content 
occurred with high or low levels of nutrient supply 
to the roots and was approximately proportional to 
the concentration of spray and to its frequency of 
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spraying. The nitrogen content of sugar-beet plants 
was increased equally by spraying with solutions 
supplying aramonium sulphate, calcium nitrate or 
urea in equivalent concentrations. It was observed 
that nutrient uptake from solutions sprayed on 
leaves influenced uptake by the roots, so that the 
additional amounts of nutrient contained in sprayed 
plants may be greater or smaller than the amount 
absorbed from the spray by the leaves. 


Triploid Dactylorchid Hybrids 


Pror. J. Hrstop-Harrison (Ann. Bot., N.S., 
17, 68 and 539 ; 1953) has reported on the cytology of 
some triploid dactylorchid hybrids. During meiosis 
in naturally occurring triploid hybrids between the 
diploid Orchis fuchsit Druce (2n=40) and the two 
tetraploids, O. purpurella Steph. and O. praetermissa 
Druce (2n =80), there is a regular formation of twenty 
bivalents and twenty univalents. Since the two 
tetraploid species themselves show typical ‘diploid’ 
behaviour in synapsis and fertility, they are considered 
to be allopolyploids, and the hybrid pairing to be 
allosyndetic. The implication is therefore that both 
tetraploids are amphidiploids of which O. fuchsii 
has been one progenitor. It is suggested that varieties 
of the polytypic diploid O. latifolia L. sec. Pugsl. 
may have been the other progenitors. A feature of 
interest in the microsporogenesis of both parents and 
hybrids is the close synchronization of nuclear events 
in the pollen massule, which behave as physiological 
units throughout meiosis and pollen-mitosis. In the 
triploids, although numerous dysploid nuclei are 
produced, none dies prematurely, probably because of 
mutual compensation within what is, in effect, a 
common cytoplasmic matrix. 


Earthquakes during April 

Durineé the month of April twenty-seven strong 
earthquakes were recorded, including seven shocks 
of magnitude 6 or greater. The greatest had magni- 
tude 74 but only did minor damage in western 
Mexico on April 29 (epicentre at lat. 293° N., long. 
1123° W.). The shocks of deepest focus occurred on 
April-5 on the Argentine—Bolivia—Chile borders 
~(epicentre at lat. 23° 8., long. 673° W., depth of focus 
150 km.) and on April 13 in Catamarca Province, 
Argentine (epicentre at lat. 273° S., long. 66° W., 
depth of focus 200 km.). All other earthquakes had 
intermediate or shallow foci. The greatest damage 
was done by the earthquakes in central Greece, 
beginning on April 30 (see Nature, May 29, p. 1024). 
Minor damage was done at Watsonville and Gilroy 
by an earthquake on April 25 in central California. 
Several of the shocks were felt, including one on 
April 4 in the south-west Alps near Onstmettingen, 
Tailfingen and Pfeffingen, one on April 5 near Rastatt 
(both with Modified Mercalli scale intensity 5), and 
one on April 25 near Friuli (Italy). 


University of London : Appointments 

Tue following appointments have been made in 
the University of London: Prof. R. M. Barrer, 
professor of chemistry in the University of Aberdeen, 
to the University chair of physical chemistry tenable 
at the Imperial College of Science and Technology ; 
Dr. C. Domb, lecturer in mathematics in the University 
of Cambridge, to the University chair of theoretical 
physics tenable at King’s College; Dr. J. A. C. 


Knox, lecturer in King’s College, London, to the 
University chair of physiology tenable at Queen 
Elizabeth College ; Dr. D. R. Wilkie, Locke Research 
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Fellow of the Royal Society, to the Universit, 
readership in experimental physiology tenable a: 
University College; and Dr. M. J. Wise, lecturer in 
geography in the London School of Economics and 
Political Science, to the Sir Ernest Cassel readership 
in economic geography tenable at that School. 


Ramsay Memorial Fellowships for 1954-55 


Ramsay MemortIaL FELLOWSHIPS for research in 
chemistry have been awarded for 1954-55 to the 
following: J. R. Anderson, British Fellowship at 
the University of Cambridge; G. A. Sim, Glasgoy 
Fellowship ; Dr. J. A. Davies, Canadian Fellowsh 
at the University of Leeds; G. Moralli, French 
Fellowship at King’s College, Newcastle upon Tyn 
Dr. C. Alfonso, Spanish Fellowship at the Universit 
of Birmingham; Dr. H. Jucker, Swiss Fellowshi) 
at King’s College, London; and Dr. O. R. Rodi, 
United States Fellowship at the University of Man- 
chester. The following Fellowships have been 
renewed for a year: G. T. Rogers, British Fellowship 
at the University of Cambridge; Dr. K. Saito. 
Japanese Fellowship at University College Londo: 
W. G. Hanger, New Zealand Fellowship at the 
University of Cambridge ; 8. Amer, Spanish Fellow- 
ship at the University of Cambridge; and R. H. 
Doremus, United States Fellowship at the Universit, 
of Cambridge. 


Salters’ Company : Awards for 1954-55 

THE Court of the Salters’ Company has elected G. 
Hetherington to be a Salters’ Fellow for the year 
1954-55 and has extended the fellowship held by 
P. P. Manning for a second year. Mr. Hetherington. 
who held a Salters’ Scholarship during 1953-54, has 
been working in the Chemistry Department at King’s 
College, Newcastle upon Tyne, on the chemistry o! 
nitryl fluoride ; Mr. Manning has been carrying out 
research work in the Chemistry Department of th: 
University of Leeds on chemical kinetics of eycli: 
monomers forming linear polymers, and theoretical! 
studies on the polymerization of olefines. The fol 
lowing have been elected Salters’ Scholars for the 
year 1954-55: C. P. Brown (University of Notting 
ham), M. McLeman (Imperial College of Science and 
Technology, London), A. D. Shipman (University of 
Bristol), H. Spoel (University of Oxford), and W. L 
Wilkinson (University of Cambridge). 


Inter-African Soils Conference in Léopoldville, 

Belgian Congo 

THE second Inter-African Soils Conference will b 
held in Léopoldville, Belgian Congo, during August 
9-15. A number of specialists in agronomy, soil 
science and conservation, not exceeding eighty in 
number, will be present at the Conference as delegates 
of the participating countries and, in addition, ther 
will be some representatives from interested organ 
izations. The work of the Conference will be divided 
into three sections: the characterization, classifica 
tion and mapping of African soils; physical, chem- 
ical and biological research concerning these soils : 
and soil conservation. In general, a review will 
be made of the work accomplished following th: 
recommendations of the previous Conference, held in 
Goma. The stability and agricultural characteristics 
of African soils and the formation of hardpan and 
lateritic crusts will be considered, and in the sessions 
on soil conservation and utilization the following 
topics will be discussed : various causes of erosion : 
means and methods used in the control of erosion 
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utilization of agricultural, sylvicultural and pastoral 
soils; traditional systems of agriculture ; possibility 
of utilization and transformation of shifting cultures ; 
larze-scale trials of agricultural mechanization ; 
fer'ilizers and amendments ; improvement of swampy 
soils. The evolution of the arid zones in Africa will 
also be discussed. Immediately after the Conference, 
the Fifth International Congress of Soil Science will 
be held in Léopoldville, and after this Congress a 
number of excursions will be made in the Belgian 
Congo. Further information regarding the Conference 
cai be obtained from the Inter-African Bureau for 
Scils at 57 rue Cuvier, Paris 5°. 


Optical Conferences in Italy 

['wo conferences of optical interest are being held 
this September in Italy, the first being an inter- 
nitional symposium on infra-red radiation at the 
University of Parma during September 3-7. This is 
being sponsored by the International Union of 
Physics, the International Commission for Optics 
and other bodies in Italy, and will commemorate the 
hundredth anniversary of the death of Macedonio 
Melloni, the founder of infra-red studies at Parma. 
Further particulars of this meeting can be obtained 
from Prof. G. Polvani, president of the Italian 
Physical Society, Via Saldini 50, Milano. The second 
conference will be in Florence at the National Optical 
Institute of Italy during September 10-16, and will 
be on “Problems in Contemporary Optics’. The 
subjects to be discussed are optics and information, 
non-classical focusing devices, optical problems of 
television, optical surface manufacturing, three- 
dimensional optics and retinal problems. Details of 
this meeting can be obtained from Prof. G. Toraldo 
di Francia, Instituto Nazionale di Ottica, Arcetri- 
Firenze. 
Autumn Meeting in Switzerland of the Institute 

of Metals 

THE autumn meeting of the Institute of Metals 
will be held this year in Switzerland during Septem- 
her 6-14, by invitation of the Société Swisse des 
(‘onstructeurs de Machines and the Association Suisse 
pour Essai des Matériaux. The meeting will open 
n Zurich on September 6 and then will move to 
Montreux on September 11. On the morning of the 
lirst day the Institute of Metals (Platinum) Medal 
or 1953 will be presented to Dr. Georg Masing 
G6ttingen), and then two papers on grain refinement 
vill be read and discussed. The rest of the meeting 
vill be devoted to excursions to various places of 
nterest in Switzerland, including a large number of 
‘ngineering and metallurgical works. All arrange- 
ments for booking accommodation in Switzerland 
should be made before July 31 through the Post-Order 
Department, Thos. Cook and Son, Ltd., Berkeley 


Announcements 

THe Dr. W. 8S. Bruce Memorial Prize for 1954, 
commemorating Dr. W. 8S. Bruce, the Scottish ex- 
plorer and scientific investigator in polar regions, has 
been awarded to Dr. R. M. Laws, of the National 
Institute of Oceanography, for his investigations in 
the South Orkney Islands and South Georgia, 
particularly in the biology and life-history of elephant 
seals. The committee of award is appointed by the 
Royal Physical Society of Edinburgh, the Royal 
Scottish Geographical Society and the Royal Society 
of Edinburgh. 
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THE trustees of the Ciba Foundation have appointed 
Prof. F. G. Young, professor of biochemistry in the 
University of Cambridge, and Prof. A. Haddow, 
director of the Chester Beatty Research Institute, 
London, to the executive council of the Foundation 
to assist its scientific work. 

Mr. FrEp Situ, of Wm. Smith and Co., Ltd., 
Cliffe Dyeworks, Bruntcliffe, succeeds the late Mr. 
F. L. Goodall as president of the Society of Dyers 
and Colourists. Mr. Smith has been associated with 
the Society for more than forty years, being a vice- 
president since 1939, and for his exceptional services 
he was awarded in 1947 the Society’s Gold Medal. 


Dr. H. T. OpENsHAW, formerly Purdie lecturer in 
chemistry in the University of St. Andrews, has been 
appointed head of the Chemical Division of the 
Wellcome Research Laboratories, Beckenham, in 
succession to Dr. D. W. Adamson, who last year 
became research director of the Wellcome Founda- 
tion, Ltd., and director of the Wellcome Research 
Laboratories (see Nature, 172, 654; 1953). 


TuE following have been appointed to lectureships 
in the University of Sheffield: E. J. Sarginson (civil 
engineering) and J. R. Metcalf (mining). 


Ow1nc to illness, Sir Geoffrey Taylor was unable 
to deliver the thirty-eighth Guthrie Lecture before 
the Physical Society last March. He will now give 
it on September 24 in the Lecture Theatre of the 
Science Museum, Exhibition Road, London, S.W.7, 
at 5 p.m., his subject being “*Diffusion and Mass 
Transport in Tubes”. The Lecture will be open to 
the general public. 

THE Oliver Memorial Fund is offering an award of 
£50 to a British subject for original work or services 
in connexion with research, organization or the donor 
aspect of blood transfusion. Applications or informa- 
tion directing attention to suitable candidates must be 
submitted before August 31 to the honorary treasurer 
of the Fund, F. W. Mills, c/o National Provincial 
Bank, Ltd., Holborn Circus, London, E.C.1. 


THE Textile Institute, 10 Blackfriars Street, 
Manchester 3, will hold a conference on ‘‘Fibre 
Friction” in Ghent during September 9-13, this being 
the first conference that the Institute will have held 
outside Great Britain since 1928. It is noteworthy 
that the Institute’s first overseas meeting was in 
Ghent during 1913. For the present conference, the 
Institute has received the co-operation of the Centre 
Scientifique et Technique de l’Industrie Textile Belge, 
the University of Ghent and the organizers of the 
Ghent International Trade Fair, which will be in 
progress at the time. Seven papers will be read by 
British, Belgian and Dutch scientific workers. 


A symposium on “The Vegetation Types of India” 
will be held by the Indian Botanical Society in 
Baroda during December 31—January 1. Among the 
types of vegetation of the different regions of India 
to be discussed will be forests, grasslands. aquatic 
vegetation, mangrove, desert vegetation, and vege- 
tation of other habitats such as sand dunes, silted 
banks, eroded and barren The ecological 
accounts will be given under the following headings : 
climate, geology and soils, biotic features, floristic 
composition, succession and climaxes. Copies of 
papers for the symposium should be submitted before 
September 1 to Dr. R. Misra, Department of Botany, 
University of Saugar, Sagar, India, from whom all 
further information can be obtained. 
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ECONOMIC SURVEY OF THE BRITISH EAST AFRICAN 
TERRITORIES 


HE population of Kenya, Uganda and ‘Tangan- 

yika has increased in two decades from less than 
twelve to nearly twenty million, and continues to 
increase by some three to four hundred thousand a 
year. Against this background the expenditure of 
£10 million a year on development under the 1947-56 
development programme seems a relatively small 
sum. These points are brought out by a recent survey 
of economic conditions in East Africa proper together 
with Zanzibar, Somaliland, Aden, Mauritius and 
Seychelles*. The survey forms part of “An Economic 
Survey of the Colonial Territories, 1951’? which is 
designed to provide a convenient summary account 
of conditions in overseas territories similar to those 
published at roughly annual intervals before the 
Second World War, and last issued in 1940 (‘An 
Economic Survey of the Colonial Empire (1937)”, 
Col. No. 179). The present survey does not, however, 
attempt to cover the decade 1937-47. It is con- 
cerned mainly with post-war developments, pre-war 
figures being quoted only as a basis for comparison. 





Six volumes have so far been published since 
February 1952: Vol. 1, Central African and High 
Commission Territories (Col. No. 281-1); Vol. 3, 
West African Territories (Col. No. 281-3); Vol. 4, 
West Indian and American Territories (Col. No. 
281-4); Vol. 6, Mediterranean and Pacific Territories 


(Col. No. 281-6); Vol. 7, Products of the Colonial 
Territories (Col. No. 281-7) ; and the present volume. 
A final volume yet to appear, on the Far Eastern 
territories, will complete the first comprehensive 
post-war survey. Although referring nominally to 
1951, each volume has been kept up to date by the 
inclusion of relevant statistics available at the time 
of publication. The whole series will provide an 
admirable datum from which to progress 
during the second half of the current development 
programmes at the end of 1956. 

In conformity with the general plan, Vol. 2 treats 
each territory independently under four main 
headings : general background, productive activities, 
finance and trade, and development. The first section 
in each case is more important than the heading 
suggests and includes a brief description of geo- 
graphical features, a full discussion of population 
data and problems, and a summary of the main facts 
relating to social, political and economic conditions 
and legislation, transport and communications. The 
second is not confined to commercial activities but 
offers much valuable information, supported so far 
as possible by statistics, on such topics as subsistence 
agriculture and domestic industries. The work of the 
East African High Commission and the East African 
Currency Board which concerns Kenya, Uganda and 
Tanganyika collectively, and the external trade of 
the three countries, are discussed separately in an 
appendix. 

A large part of the report is devoted to commercial 
production, trade and finance, but the authors rightly 
emphasize that the overwhelming majority of the 


assess 


* Colonial Office. An Economic Survey of the Colonial Territories, 
1951: Vol. 2, The East African Territories. (Col. No. 281-2.) Pp. 208. 
(London: H.M.S.0., 1954.) 32s. 6d. net. 


population of the mainland territories live directly 
off the land by subsistence cultivation and nomadic 
Since responsibility for the future 
stability of East Africa will presumably sooner or 


pastoralism. 


later rest with this majority instead of with the sixty 
thousand or so European settlers, their welfare is a 
matter of first importance. It is encouraging to find 
that a substantial proportion of the revenue derived 
from increased commercial output, Colonial Develop- 
ment and Welfare funds and other sources has been 
used for combating the various problems resulting from 


increasing population and consequent shortage of 


productive land. So far as can be estimated, the 
total cultivated area amounts to only about 10 per 
cent of Uganda, 5 per cent of Kenya and 3 per cent 
of Tanganyika; but owing to pests, deficient 01 
uncertain water supplies and other difficulties, ther 
is little hope of solving the problem by extension of 
the cultivated area alone. On the contrary, spon- 
taneous attempts by peasant cultivators to achieve 
this end by keeping temporary plots under cultivation 
for longer periods at a time, clearance of woodland 
and encroachment on marginal land have led to loss 
of fertility and aggravated the menace of soil erosion. 
Already in Kenya some 600,000 acres of the High- 
lands are estimated to be in need of protection. It 
is difficult to judge from the survey how much 
progress has been made; but there are some indica- 
tions. In the Central Province of Kenya 81,000 acres 
are now terraced, and the Forestry Department is 
undertaking extensive afforestation schemes, the 
present target being 6,000 acres of new softwood 
plantations a year. In Uganda 45,000 acres are being 
developed as a source of commercial softwoods; but 
these together with protective measures elsewhere 
will help to mitigate the losses due to soil erosion. 

Progress is also reported from all three High Com- 
mission Territories in the campaign to encourage 
Africans to abandon the primitive practices of 
shifting cultivation and fragmentation of holdings 
through inheritance, in favour of permanent culti- 
vation of small holdings varying from five to thirty, 
acres, and family group farms. The Kikuyu are 
settling in increasing numbers; more use is being 
made of mechanical ploughs and other equipment 
loaned by government centres in Tanganyika; and 
strip cultivation is spreading in Uganda. The effects 
of more elaborate measures for rehabilitation of land 
(for example, the Sukumuland Scheme in Lake 
Province, Tanganyika) are cumulative and cannot be 
fairly assessed at this early stage of development. 
Before leaving the subject, it is worthy of note that 
subsistence production of both maize and ground- 
nuts in Uganda is estimated to have increased two 
and a half times between 1938 and 1951, far in 
excess of the increase of population even if a consider- 
able margin of error be taken into account. 

On the commercial side a net improvement in the 
balance of visible trade of the High Commission 
Territories is reported for 1952, Kenya’s £29-6 
million excess of imports over exports for that year 
being more than compensated by the surplus exports 
of Uganda (£23-4 million) and Tanganyika (£10-5 
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million). Notable increases have been effected in the 
production and export of tea and wattle-bark from 
Kenya; sisal, coffee and cotton lint from Tangan- 
yika ; cotton (due mainly to the Abyan irrigation 
scheme in the Western Protectorate) from Aden ; 
and suger from Mauritius. In the last-named Colony 
attempts to broaden the basis of the economy have 
met with little success, sugar production having 
reached a new peak of 515,000 tons in 1952 compared 
with the pre-war peek of 320,000 tons in 1938. 
Industriel development in East Africa has continued 
to expand for the dual purpose of supplying the home 
market with consumer goods (capital and producer’s 
goods accounted for more than half the retained 
imports in 1951) and for social ends—to absorb some 
of the surplus labour created by the continued drift 
into the towns. Other developments await improve- 
ment of communications. The production of copper 
at Kilembe in south-west Uganda is due to commence 
this year, but large-scale output cannot be expected 
until the 215-mile railway extension from Kampala, 
already proceeding west of Mityana, has been com- 
pleted. The importance attached to development of 
‘communications may be gauged from the fact that 
the East African Railways and Harbours Adminis- 
tration ranks as the largest industrial undertaking in 
the High Commission area, with a staff of more than 
32,000, of whom 857 are Europeans. 

In the survey as a whole, comparatively little 
reference has been made to pre-war figures which 
would have made it easier to review post-war progress 
in comparative terms. On the other hand, the 
appendix contains a useful supplement on trade in 
which an attempt has been made to compare con- 
ditions before and after 1949 when trade statistics 
for the High Commission Territories were placed on 
a common basis. This includes a detailed analysis of 
the direction of trade in leading commodities for the 
three countries, similar to those given for Aden, 
Zanzibar and Mauritius earlier in the survey. 

It would be futile to attempt to summarize the 
findings of a report of this scope in the brief space of 
areview. There can be no question that it is a highly 
competent and valuable basic document for all who 
are concerned with East African affairs. Such 
deficiencies as there are mainly arise from the 
inadequacy of statistical data relating to the activities 
of 90 per cent cf the inhabitants. It seems likely, for 
example, that the annual rate of natural increase of 
the African population of Kenya (13-2 per cent), 
Uganda (1-1} per cent) and Tanganyika (1-2 per 
cent) may be under-estimated. According to the 
present survey and the survey for 1936 (Col. No. 149), 
he total population of the three territories increased 
from some twelve million to nearly eighteen million 
luring the twelve-year period 1937-48, corresponding 
to a natural increase of nearly 5 per cent a year. 
\llowing for immigration, which at the peak of the 
post-war influx into Kenya reached 59,000 in 1951, 
wnd a higher than average figure for the Indian 
minority, the overall rate of natural increase among 
the African population prior to the 1948 census must 
have been well in excess of 2 per cent. In any event, 
it least a temporary acceleration rather than a 
decline in the rate of increase must be expected as 
urrent expenditure on the development of medical 
services takes effect. Without attaching undue 
importance to figures which can be no more than 
rough approximations and which are stated in the 
survey in carefully guarded terms, one hopes that 
the magnitude of the population problem has not 
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been under-estimated. The next census will no doubt 
shed more light on the subject. At present large 
sums are being spent on what may be termed basic 
development (hydrological and other surveys, 
research, training and education), as distinct from 
more publicized industrial ventures like the Owen 
Falls scheme, with consequences that remain 
to be foreseen. Meanwhile, here are food for 
thought and data for research in abundance. 
A. J. Hunt 


UNESCO ADVISORY COMMITTEE 
ON ARID ZONE RESEARCH 


se E Advisory Committee on Arid Zone Research 
of the United Nations Educational, Scientific 
and Cultural Organization (Unesco) held its seventh 
session during May 4-7 in Paris. The meeting was 
attended by members from Australia, India, Italy, 
Mexico, Syria, Turkey, the United Kingdom and the 
United States and, as on previous occasions, by 
representatives from various Specialized Agencies of 
the United Nations Organization and from inter- 
national scientific and engineering bodies, and by 
French members of the Arid Zone Panel of Honorary 
Consultants. The principal recommendations made 
by the Committee were as follows. 

Symposia and reports. It was proposed that the 
secretariat should explore the possibility of holding 
a small symposium in 1955 on human and animal 
ecology in arid zones, which would enable the pro- 
ceedings of such a symposium to be published in 
conjunction with reports on this subject that are 
being obtained. With regard to the symposium on 
problems related to arid zone research, sponsored by 
the American Association for the Advancement of 
Science, which is to be held in New Mexico during 
April 27-28, 1955, it was proposed that Unesco 
should make a grant travel of scientists 
attending the symposium and also that the Arid 
Zone Research Committee should hold its ninth 
session in New Mexico in conjunction with this 
symposium. It was recommended that review 
reports should be obtained in 1956 on the formation 
and erosion of soils in arid zones as affected by 
climatic factors ; these reports could then be pub- 
lished with the proceedings of a symposium on the 
same subject that is due to be held in the same 
year. 

Travelling fellowships for senior scientists. Fellow- 
ships should be given to enable senior scientists to 


to assist 


visit institutions outside their own country and, 
when these are given, the recipients should be 


allowed as much latitude as possible with regard to 
travel within the country visited. 

Handbook and survey. At previous meetings it was 
decided to recommend the production of a handbook 
to guide in the collection of basic data that would be 
required when making plans for the development of 
an arid area, and preparations for writing this hand- 
book are well under way. The Committee considered 
the advisability of instigating an integrated survey 
of one or more restricted areas on the lines proposed 
in such a handbook. It recommended that Dr. B. T. 
Dickson, who is editor of the handbook, should 
assemble information on such survey work that has 
been carried out in Australia and elsewhere, and 
that the Committee should consider the proposal at 
its next meeting. 
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Research projects. As a result of recommendations 
made by the Committee at previous meetings, 
Unesco has given grants for research on the following 
subjects: the geographical potentialities of coastal 
deserts ; a survey of wind energy and of energy 
requirements in a typical arid area (Somaliland) ; 
the flow of underground water in calcareous moun- 
tains ; the sulphate- and nitrate-rich soils of Algeria ; 
changes in climate during the Quaternary Period in 
Israel, as evidenced by pollen analysis; the role of 
dew in plant growth in arid regions ; plant ecological 
studies in French North Africa; the role of verte- 
brates in spreading desert conditions in India; and 
the physiology of the camel. At the meeting in Paris, 
reports on these investigations were received by the 
Committee, and grants were recommended for the 
development and testing of apparatus for the 
measurement of dew and for the study of plant 
distribution and ecology in the Rajistan desert in 
India. 

Future meeting. The Committee will hold its next 
session in New Delhi during October this year in 
conjunction with the symposium on wind and solar 
energy that has been arranged at the invitation, and 
with the help, of the Government of India. 


CHEMISTRY AND PHYSICS OF 
SYNTHETIC FIBRES 


LTHOUGH the subject of ‘man-made’ fibres is 

well to the fore in the world of polymer tech- 
nology and names of new fibres such as “Terylene’ and 
‘Orlon’ are beginning to compete in the housewife’s 
mind with nylon, major discussions in Britain on 
chemical aspects of this topic have been few. The 
three-day symposium held during March 24-26 by 
the Plastics and Polymer Group of the Society of 
Chemical Industry on the subject of ““The Chemistry 
and Physics of Synthetic Fibres’, at the Institution 
of Electrical Engineers, Savoy Place, London, was 
therefore timely. More than three hundred par- 
ticipants, including a number from _ overseas, 
attended, and some interesting papers were read and 
discussed. During the first session, Mr. J. R. Whin- 
field (‘Terylene Council, Imperial Chemical Industries, 
Ltd.), chairman of the Group, presided. 

Dr. R. Hill (Terylene Council, Imperial Chemical 
Industries, Ltd.), in an introductory paper on 
“Chemical Aspects of Fibres’’, discussed the structural 
features in polymers which have led to the mechanical 
behaviour characterizing rubbers, plastics and fibres ; 
for the development of fibre properties a macro- 
molecule needs to possess a regular, crystallizable 
structure and high interchain forces. In materials 
such as polvamides, polyurethanes and polyesters, 
these features are present, but fibre properties can be 
seriously affected if any branching or cross-linking 
occurs during condensation owing to the presence of 
impurities. In the vinyl polymer field, Dr. Hill 
referred to grafting, a new method by which the 
properties of a given polymer can be modified. It 
seems unlikely, partly for economic reasons, that any 
completely new fibre-forming polymers will be com- 
mercialized in the near future, but possible develop- 
ments in such materials as polyvinylidene cyanide 
and polymers obtained by ring-opening of oxacyclo- 
butane derivatives and N-carboxyamino-acid an- 


hydrides were mentioned. 
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Among the new materials which have arouse 
interest in recent years are the polyaminotriazoles, 
which may be obtained by the reaction of dibasic acids 
with rather more than two moles of hydrazine ; the 
recurring polar linkage in these polymers is a 4-amino- 
1:2:4-triazole ring. Mr. J. W. Fisher (British 
Celanese, Ltd.) gave an account of the chemistry 
and use of ‘Polyaminotriazoles as Fibre-forming 
Materials’. A typical polyaminotriazole, that based 
on sebacic acid, has a melting point of 256° C. and 
can be melt-spun and cold-drawn to give yarns with 
mechanical properties generally similar to those of 
nylon or “lerylene’ and which can readily be dyed 
with dispersed acetate and wool colours. A structure 
of the polymer, as shown by X-ray examination, was 
proposed, involving a planar chain in which the 
octamethylene segments zig-zag at an angle of 20° on 
either side of the general fibre axis, and a resonant 
triazole ring ; hydrogen-bonding between exocycli: 
amino-groups and nitrogen atoms in another ring 
is thought to be responsible for the high melting 
point of the polymer. 

Turning to a subject related to the production of 
synthetic fibres from a natural material, Dr. W. E. F. 
Naismith (Nobel Division, Imperial Chemical Indus- 
tries, Ltd.) discussed the ‘“‘Chemical Denaturation of 
Groundnut Protein and Fibre-Formation’”’. Th 
globular proteins of groundnut must first be converted 
to an unfolded configuration (denaturation) before 
they can be spun: the denaturation by urea, guan- 
idine salts and a series of organic bases has been 
investigated by measurement of the rise in viscosity 
increments of the solutions, and interpreted in terms 
of an increase in asymmetry of the protein molecules, 
using Simha’s equation to calculate axial ratios. A 
definite relationship has been found between the 
ability of a base to cause rise in viscosity increment, 
and its ability to give spinnable solutions. 

Few fundamental studies have been published of 
the industrially well-established processes for pre- 
paring polyamides from compounds containing 
carboxylic acid and amino-groups or by opening 
lactam rings. Dr. A. B. Meggy (University of Leeds) 
outlined a new thermodynamic method of attack in 
a paper on the “Free Energy of Formation of the 
Amide Bond in Polyamides”. Equations were 
deduced in the case of the equilibrium between 
sarboxyl, amino and amide groups and water mole- 
cules, relating the equilibrium constant k’, the 
number-average chain length and the partial pressure 
of water. The effect of the presence of a cyclic 
monomer in amount determined by a second equi- 
librium constant k, was discussed, in cases where 
5- to 8-membered rings might be formed. From 
somewhat limited data on the variation of k, with 
temperature Z' for ¢-caprolactam, the heat of 
formation AH, entropy AS and free energy AF of 
the polyamide bond in polyaminocaproic acid have 
been calculated ; the value of AH obtained agrees 
well with the experimental value. In the subsequent 
discussion, Dr. J. Saunders referred to other data on 
k, versus 7’ which give a AH value according to 
Dr. Meggy’s method which is considerably too 
high. 


During the second session, Prof. J. B. Speakman 


(University of Leeds) assumed the chair. Dr. L. B. 
Morgan (Dyestuffs Division, Imperial Chemical 
Industries, Ltd.) discussed “Crystallization Phen- 


omena in Fibre-Forming Polymers’’, his paper being 
illustrated by an excellent film showing the crystal- 
lization of polyethylene terephthalate from its melt, 
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in spherulitic structures. Dr. Morgan’s main thesis 
was that, after nucleation, preferential crystal growth 
takes place along the direction of the polymer chains 
rather than by sideways accretion, and _ that, 
during growth, coiling occurs with the formation 


of long helical polymer crystals. The ultimate 
result is the formation of coiled families of 


fibrillar crystals, which explains a good many of the 
physical characteristics of crystalline polymers, 
particularly the fact that in the spherulites the chains 
are known to be arranged tangentially. This paper 
provoked a great deal of controversy. Mr. C. W. 
Bunn was very doubtful if the physical evidence, 
particularly from electron microscopy, really justifies 
the theory of helical coiling, for which, in a perfectly 
s\mmetrical polymer, there is no apparent reason. 
Dr. L. R. G. Treloar also failed to see how helical 
structures of the size required by Dr. Morgan’s 
theory could be formed. 

Dr. G. Meacock (British Nylon Spinners, Ltd.) 
gave an account of the “Production of Fibres from 
6,6-, 6,10- and 6-polyamides”’; although the 6,6- 
polymer is somewhat less thermally stable than the 
other two, it has a higher melting point and greater 
strength at high temperatures. While all the polymers 
can be spun by similar methods to give similar fibres, 
the 6-polymer has the disadvantage of evolving its 
monomer during spinning, which complicates the 
process. 

Dr. J. A. Chapman and Dr. J. W. Menter (Univer- 
sity of Cambridge) then gave a brief account of some 
work they have been doing on the examination of 
fibre surfaces by reflexion electron microscopy. The 
micrographs exhibited show this to be a power- 
ful method for observing the effect of frictional 
wear. 

Cold-drawing and, in particular, ‘necking’ in fibres 
has until very recently been something of a mystery, 
which the authors of the next paper, “The Drawing 
of Terylene”’, by I. Marshall and A. B. Thompson 
(lerylene Council, Imperial Chemical Industries, 
Ltd.), have done much to clear up. Their paper was 
also illustrated by a fascinating film of the experi- 
mental drawing apparatus in action. By a con- 
sideration of load extension curves at various tem- 
peratures, the position of the draw point can be 
predicted; but complications arise owing to the 
crystallization of ‘Terylene’ during the process, and 
to necking. When necking takes place during the 
passage of the filament over a heated plate, the draw 
point only remains fixed relative to the plate over a 
fairly narrow range of draw ratios and temperatures ; 
outside these limits, the draw point retreats to the 
teed roll or advances to the draw roll. The theoretical 
nterpretation of these facts was given. During the 
discussion, Dr. H. T. Hookway commented on the 

‘lationship between second-order transition tem- 
eratures and temperatures at which necking could 
cur. Dr. D. V. N. Hardy mentioned a number of 
ihhenomena associated with the heat generated at 
the neck. 

R. A. Horsley and J. Jack (B.X. Plastics, Ltd.) 

urned to the subject of vinylidene chloride copoly- 
1ers, and gave details of the “Extrusion Properties 
f Saran Monofilaments”. They described a com- 
inercial machine for extruding and stretching saran, 
and discussed various points of design. The effsct on 
tensile strength, loop strength and elongation of 
variables such as distance between die and quench 
hath, stretch ratio, quench bath temperature and 
tretching temperature were given. 
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The symposium chairman on the third day was 
Mr. J. Wilson, director of the British Rayon Research 
Association. The first speaker was Dr. A. R. Urquhart 
(Shirley Institute, Manchester), who read a paper on 
“Cellulose Acetate as a Raw Material for Rayon 
Production”. After giving a historical account of 
the development of ‘secondary’ acetate rayon, Dr. 
Urquhart went on to compare some of the properties 
of acetate with those of nylon, ‘Orlon’ and other 
synthetic fibres, with particular reference to sub- 
jective qualities such as drape and compliance ; 
‘Terylene’ and ‘Orlon’ staple fibres approach acetate 
and wool in these respects. The water absorption of 
acetate is lower than that of viscose, but higher than 
that of nylon, “Terylene’ or ‘Orlon’, which gives the 
latter fibres an advantage in rate of drying after 
washing ; however, considerations of hygiene and 
comfort require that a fabric should be able to 
absorb a considerable amount of moisture, and rate 
of drying is really only a secondary consideration. A 
vigorous discussion was held on this paper, con- 
tributions being made by Dr. Corbiere, Dr. E. 
Kornreich, Mr. J. G. P. Baker and Dr. R. M. Lodge, 
and it was obvious that views on the comfort to the 
wearer of the various synthetic fabrics were some- 
what divided; it was pointed out that the fabric 
construction is important, and that one outstanding 
property might for some purposes outweigh many 
other considerations. 

Dr. T. H. Morton (Courtaulds, Ltd.), in his paper 
on “Textile Properties of Synthetic Fibres’, also 
referred to the importance of those properties of a 
fabric which for assessment require a certain amount 
of subjective judgment, and in a detailed discussion 
graded various‘old and new fibres in a number of 
classes. All the established fibres have some good 
points and some properties which can be improved. 
It is not possible to say that one fibre is better than 
another, since they all have particular fields in which 
they are specially useful. Dr. Morton suggested that 
it will be a very long time before the ‘perfect’ fibre, 
having ideal properties in all respects, is produced. 
Nevertheless, the textiles obtainable using the present 
materials, alone or blended, cover a very wide range 
of properties. This paper also was followed by 
considerable discussion. In regard to dyeing hydre- 
phobic fibres, the difference between what is possible 
and what is regarded as practical to the dyer was 
pointed out. The cohesion of cellulose fibres is 
dependent on secondary valency forces, some details 
of which were given by Dr. J. Mann and Dr. H. J. 
Marrinan (British Rayon Research Association) in 
their paper on “Hydrogen Bonding in the Crystalline 
Regions of Cellulose”. The study of infra-red absorp- 
tion changes on interaction of cellulose and heavy 
water enables stretching of the hydroxyl groups in 
the crystalline and amorphous regions to be observed 
independently. All the hydroxyl groups in the 
crystalline regions of regenerated and_ bacterial 
cellulose are found to be hydrogen-bonded, which 
rules out certain previously proposed erystal struc- 


tures. Hydrogen bonds of types O—H ....O and 
alsoH....O—H....O are present in regenerated 
cellulose. Commenting on this paper, Dr. L. 


Valentine referred to regions in cellulose acetates 
and trimethyl cellulose found to be _ inaccessible 
to water vapour; such regions are presumably 
crystalline. 

The static electrification of textile fibres is well 
known, and often troublesome. Prof. E. Darmois 
(Paris), in a résumé of work on this subject, pointed 
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out that wool and silk become positively charged on 
rubbing, but polyvinyl chloride fibres (‘Rhovyl’) 
become negatively charged. A blend of 25 per cent 
polyvinyl chloride fibre and 75 per cent wool takes 
on no charge at all. Prof. Darmois outlined his 
theory of these effects. 

The chairman, Mr. J. Wilson, summed up the 
symposium. He observed that a wide range of topics 
had been covered, some of which are individually 
worth a complete meeting for themselves, having 
regard to the large amount of work which is going 
on and to the vigorous discussions which were 
held, particularly on the subjects of crystallinity 
and the relationship between fibre and _ fabric 
properties. 


THE WORKER IN INDUSTRY 


NTRODUCING a joint paper presented to the 

annual conference of the British Institute of 
Management at Harrogate in 1953, K. H. F. Murrell, 
director of the ergonomics department of Tube 
Investments, Ltd., stated that the main contribution 
of the psychologist to industry would be in studying 
the effect of bad equipment design on the health 
and efficiency of workers on a long-term basis. This 
would include such factors as the posture, either 
seated or standing, which the equipment imposes on 
the worker, and which may follow either from the 
shape of the equipment or from the design of its 
controls ; the actual methods by which work is done, 
such as the application of force in an wnnatural 
position ; and the conditions of heat or noise under 
which he has to work. Much of industry works below 
maximum efficiency because it has, through neglect 
of physiological principles, partly ‘worn-out’ its 
working force. The most important contribution of 
the psychologist might be summed up as attempting 
to answer various aspects of the question ‘‘What 
makes people behave as they do when confronted 
with a given situation and what can be done about 
it?’ Some of these aspects might be: What is a 
real incentive for people to work 2? Why do people 
resist change ? Is there such a thing as fatigue in 
repetitive work or is it merely monotony or bore- 
dom? What is the nature of skill in a particular 
task and how can it best be acquired ? 

To be effective the research: worker must be 
familiar with the worker on the job and, from his 
own experience, Murrell gave examples to show how 
good theoretical research had been ineffective because 
it had failed to take account of the actual work 
situation. 

A. T. Welford, director of the Nuffield Unit for 
Research into Problems of Ageing in the University 
of Cambridge, described a closely connected series of 
studies on some problems of speed in human per- 
formance. Men of different ages from the twenties 
to the seventies were set to work at a task where 
they had to plot positions on a grid by moving a 
pointer. The older men were on average sub- 
stantially slower than the younger, but the slowness 
was not due to slowness in moving the pointer ; it 
was rather due to more careful and meticulous 
placing of it. 

The same results appeared in several other tasks ; 
an experiment was accordingly devised in which 
careful measurements were made of reaction times 
and movement times under conditions where they 
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could be separated with certainty. A man doing a 
task sat in front of a panel of four lights. One of 
these came on and the operator had to move a lever 
in the corresponding direction as quickly as possible 
from a central point to an end stop and back again. 
As soon as he got back to the centre another light 
came on, and so on. When the results were examine‘! 
it was found that the actual time moving did not 
increase but tended to fall with age. The time 
elapsing between a light appearing and the man 
beginning to move the lever did increase significantly. 
A further point with this was noticed, in that the 
oldest men, in their sixties, tended to fall slightly at 
the end stop. The older men appeared to be having 
difficulty in welding the out and back movements 
into a single whole. These experiments link with a 
number of other results to suggest an important 
general principle, namely, that it is the time taken 
over stationary portions of a manipulative task 
which are more deserving of attention. These ten: 
to increase with certain types of fatigue. 

Evidence would seem to be accumulating that it is 
not correct to think of a manipulative operation as 
consisting merely of a series of movements. It con- 
sists rather of a series of acts of perception either b\ 
the eyes or by touch or by sound which have to be 
translated into movement. It is the perception an 
translation by the central media of the brain which 
are the important components of the operation, and 
it is in terms of these that operators must be analysed 
for work study purposes if general results are to be 
obtained which apply more widely than to each 
individual operation studied. 

Welford also said that, while relatively little 
interest has been shown by psychologists in training 
the industrial worker, there is great scope for further 
co-operation between experimenters and industry. 
One example of a study with important practical 
implications was the one carried out about four years 
ago by G. B. Gibbs, of the Medical Research Council. 
Gibbs studied the performances of men on a machine 
where the display-control relationships could be made 
easier or more difficult. He divided the men into 
two groups of equal ability and trained one, first on 
a relatively easy task, and then transferred them to 
one which was similar but in which the display- 
control relationships were more difficult. The other 
group were trained on the same two tasks but in 
the reverse order. The results showed clearly that 
the second group, after being trained on the difficult 
task, came to the easy one and performed it much 
better than they would have done if they had not 
had the previous difficult training. With the other 
group Gibbs found that the previous training on one 
easy task made no difference to their ability to 
perform the more difficult one. 

Dr. H. D. Darcus, of the Climatic and Working 
Efficiency Unit of the Medical Research Council, 
stated that one of the possible approaches to the 
study of the activity of man at his work is to find 
out under what conditions the man may be allowed 
to work at his greatest physiological efficiency. 
Emphasis should be placed on the output of the man 
rather than the effort the man has to put in to 
achieve that output. This is probably acceptable in 
most work situations because the operator is only 
using a small proportion of his total capacity and 
he can be expected to do a little bit more without 
suffering physical harm. The load to which a man 
is subjected should be kept as low as possible to 
give him a reserve of effort, a reserve capacity. If 
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that is done the problem of reduced capacity due to 
extremes of environmental conditions, hot climates, 
or due to disabilities or age, is not quite so acute 
because the Joad on the individuals working under 
those conditions or on the aged or disabled worker 
is still below their level of output. 

What is the maximum capacity of the body for 
exercise ? One approach has attempted to work out 
at. endurance or tolerance limit, usually about 50 per 
cnt of maximum capacity. When a person starts to 
work, physiological changes occur in the body, and 
these changes increase until a balance is struck 
between the energy he is putting out and his external 
work. He will go on using the same amount of energy 
fur the same amount of external work, although not 
many people work at a steady rate. The endurance 
limit can be increased by training the individual to 
become physically fitter by acclimatization. One 
way to push the endurance limit up is te bring the 
load down, thereby reducing the effort to gain a 
given output. This endurance-level will fall with 
age, with certain disabilities and under extremes of 
temperature, and the safety level will become less 
and less. 

This endurance limit is the maximum level at 
which a man can be expected to work over a period 
of time. During a long period of work, the energy 
output remains constant initially; but as time 
passes it is necessary to put out more energy because 
the efficiency of the muscles doing the job is becoming 
less and more muscles have to be used to produce 
the same result ; more muscles demand more energy 
and the safety margin of effort becomes reduced. 
Provided this safety margin is not exceeded, the 
operator is paying as he goes; that is, he is getting 
sufficient oxygen to allow the energy for the muscles 
he is using. If this level of effort is exceeded, he no 
longer gets enough oxygen for his energy require- 
ments. This condition can be maintained for a time ; 
but the longer it goes on the bigger becomes the 
physiological debt. Another aspect of this is the use 
of rest pauses. In Great Britain it is usual to have 
a break in which the operators probably sit down. 
In Sweden, if work of a very cramped nature, such 
as sewing, tabulating or assembly, is being under- 
taken, they sometimes have Swedish drill, which is 
rather like organized ballet. 

There is no one physiological method which will 
give an overall picture of man at work in all circum- 
stances. If it is desired to use physiological methods 
for different measurements, the methods to be used 
for particular situations must be very carefully 
chosen, the results carefully integrated and finally 
interpreted with the utmost caution. The main 
lifficulty at the present time is that these methods 
we mainly designed to investigate man working 
minder extreme conditions, and these situations are 
‘ery rare in industry. 

The experimentai approach is the one which will 
produce the best results, involving as it does formal 
scientific methods under controlled conditions. The 
irst thing to do is to find out exactly what the 
roblem is and then determine the main factors 
vithin that problem. One way of dealing with it is 
for research people to go out into industry with the 
industrialist to examine the problem and see if it 
really warrants research or if it can be dealt with by 
some other means. What is necessary is encourage- 
ment from industry itself, not so much on ad hoc 
problems, but for establishment of a long-term 
policy. 
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PROBLEMS OF AIRCRAFT NOISE 


N reply to a question in the House of Commons 

on June 28, regarding progress in research by the 
Ministry of Supply into the silencing of aircraft 
engines, Mr. Duncan Sandys stated that work in this 
field is also being carried out by the Ministry of 
Transport and Civil Aviation and by universities and 
aircraft firms on their own initiative. In a detailed 
statement circulated in the Official Report, expendi- 
ture by the Ministry of Supply on this problem in 
the current year is given as £100,000 compared with 
£40,000 last year, and the Ministry of Transport and 
Civil Aviation is expected to spend about 
£20,000. 

The problem of reducing aircraft noise is bemg 
tackled from several angles. The main effort has been 
concentrated on jet engines. An extensive programme 
being carried out by a leading firm of engine makers, 
under contract by the Ministry of Supply, includes a 
detailed analysis of the noise of a jet engine operated 
with various alternative types of nozzle on an open- 
air test bed. The nozzles which are being tested 
include toothed, corrugated, convergent—divergent 
and fish-tail types. Promising results have been 
obtained from toothed and corrugated nozzles, and 
further studies are being made to decide the optimum 
shapes for these types. A special study of the by-pass 
engines in relation to the noise problem is being 
carried out, with the object of determining the 
relationship between noise, jet velocity and tem- 
perature. The effect on noise of injecting water into 
the jet stream is also being investigated. 

Two other engine companies are working under 
Ministry of Supply contract on silencers for piston 
engines used in helicopters. The Ministry of Transport 
and Civil Aviation is experimenting with the con 
struction of a brick baffle-wall at London Airport. 
This wall is shaped to accommodate the forward part 
of a large civil aircraft, with the object of reducing 
noise in certain directions when the engines are being 
run on the ground. Results are not yet entirely satis- 
factory, but the investigation is being continued. 
The Ministry of Supply has placed a contract for the 
design of two types of mobile ground mufflers, one 
suitable for single-engine aircraft and the other for 
multiple-engine aircraft. Experiments by a firm of 
aircraft manufacturers with portable screens, which 
are placed around the aircraft while the engine is 
being run up, showed some reduction of noise, and 
further screens are on order. A firm of consulting 
engineers is advising four other aircraft manufacturers 
on the use of specially designed pens for muffling the 
sound of aircraft the engines of which have to undergo 
running tests on the ground. Another firm, on its 
own initiative, is building a pair of mobile ground 
mufflers to its own design. 

Tests being carried out by the College of Aero- 
nautics, Cranfield, under Ministry of Supply contract, 
include the following: the measurement of thrust 
and noise-levels of engines with nozzles fitted with 
noise-reduction devices of various designs; the 
measurement of the sound field from small jets at 
supersonic speeds, combined with schlieren investi- 
gations; and the measurement of the turbulence 
structure in the mixing region at the jet exit, both 
at low and high speeds. Laboratory work being 
carried out at the University of Southampton, which 
is supported by the Ministry of Supply, includes the 
development of a shock tube for recording the inter- 
action between an eddy and a shock wave; the 


also 
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development of an optical eddy-counting technique, 
including a focusing device; the measurement, by 
means of the hot-wire technique, of turbulence, 
velocity and temperature distribution along the jet ; 
the examination of noise from jets of non-circular 
shape ; and the study of noise emitted from special 
jet extensions, with annular corrugated orifices, 
designed to reduce low-frequency noise. Important 
fundamental research on the origin and nature of jet 
noise is also proceeding at the Universities of Man- 
chester and Edinburgh. 

The problem of aircraft noise was also debated in 
the House of Lords on July 7, when, for the most 
part, the question of legislation and responsibility 
for minimizing noise was discussed. Lord Hawke 
said that perhaps the most hopeful line of approach 
is in experiments with devices which act upon 
the gas when it leaves the jet and provide some- 
thing in the nature of a gigantic exhaust box. 





PHYSICAL SOCIETY 
ANNUAL REPORT FOR 1953 


A T the annual general meeting of the Physical 
Society, held at the Royal Institution, London, 
on May 25, the reports of the council and of the 
honorary treasurer and the accounts and_ balance 
sheet for 1953 were presented and adopted. During 
the year the membership rose by 29 to 2,130, and 
the sale of publications continued to increase both 
at home and abroad. The new scheme of subscrip- 
tions which came into operation on January 1, 
1953, by which subscriptions for publications are 
separated from the subscriptions for membership, 
has worked smoothly and appears to be serving 
better the needs of members. There has also been a 
steadily growing interest in the reprint service which 
was introduced at the same time. The treasurer’s 
report shows that any loss of income resulting from 
the lowering of the Fellows’ subscription from three 
to two guineas has been more than compensated for 
by the increased income from the sale of publications 
of the Society. The cost of the provision of Sczence 
Abstracts, now no longer provided to members, was 
reduced from approximately £2,500 to £500. The 
income accruing to the Society as a result of the 
publication of the “Handbook of Scientific Instru- 
ments and Apparatus’’, the catalogue of the Society’s 
1953 exhibition of scientific instruments and appar- 
atus, was considerable, amounting to nearly £4,000, 
and the balance of income over expenditure for the 
vear was £1,794. 

In addition to five science meetings held in London 
during the year, two-day meetings were held at the 
University of Leeds during March 31—April 1, and 
at King’s College (University of Durham), New- 
castle upon Tyne, during July 13-14; a conference 
on ionization phenomena in discharges, sponsored 
jointly by the Electrical Research Association, the 
Institute of Physics and the Physical Society, was 
held at the Clarendon Laboratory, Oxford, during 
July 18-23. The thirty-seventh Guthrie Lecture was 
delivered by Prof. Max Born, who spoke on the 
conceptual situation in physics and its prospects of 
development. The eighth Holweck Medal of the 
Société Francaise de Physique and the Holweck Prize 
of the Physical Society were presented to Mr. J. A. 
Ratcliffe in Paris in May, when Mr. Ratcliffe delivered 
the Holweck Discourse on the subject of diffraction 
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of radio waves by the ionosphere. Prof. J. Bartels, 
of the University of G6éttingen, received the seventh 
Charles Chree Medal and Prize on October 23, and 
for his address described Chree’s influence on present - 
day geophysics. The thirtieth Duddell Medal was 
presented to Prof. W. Sucksmith, who gave a talk 
on “Some Magnetic Measurements—Techniques and 
Applications”, and the ninth Charles Vernon Boys 
Prize to Prof. F. C. Williams, who spoke on “‘Cathode- 
Ray Tube Storage for Digital Computers”’. 

Brief details of the activities of the four Groups of 
the Society, the Colour, Optical, Low Temperature 
and Acoustics Groups, together with a list of the 
numerous bodies on which the Society is represented, 
are given in the annual report. The activities of the 
Groups were not so varied as in former years, though 
the usual science meetings and summer meetings 
were held. The expenditure of the Groups fell 
markedly during the year, and, although the expense 
of the Groups to the Society was thus less than usual, 
it is emphasized that this is not a healthy sign since 
the activities of the Groups are vital to the welfare 
of the Society and any financial commitment entaile:! 
in their activities is more than offset by the con- 
tribution made by the Groups to the well-being of 
the Society. 

At the annual general meeting the officers and 
council of the Society for 1954-55 were elected as 
follows: President, Prof. H. S. W. Massey; Vice- 
Presidents in addition to ex-Presidents, Mr. J. H. 
Awbery, Dr. R. C. Evans, Dr. A. B. Wood and Prof. 
S. Devons ; Honorary Secretaries, Dr. C. G. Wynne, 
Dr. H. H. Hopkins; Honorary Foreign Secretary. 
Prof. E. N. da C. Andrade; Honorary Treasurer. 
Mr. A. J. Philpot ; Honorary Librarian, Dr. R. W. B. 
Pearse ; New Ordinary Members of Council, Dr. T. E. 
Allibone, Dr. A. H. Cooke, Prof. F. C. Frank and 
Prof. G. O. Jones. 


ARTIFICIAL AND NATURAL 
COLORATION OF DIAMONDS 


Mes. diamonds in their natural state are 
coloured; but the origin of the colour is still 
largely a mystery. There is little evidence that it is 
due to impurities, nor is it clear as to whether the 
colour is generally confined to the surface or dis- 
tributed throughout the diamond, though in some 
cases, usually diamonds coloured yellow or yellow- 
green, the colour has been reduced or removed by 
polishing and grinding the surface. The colour has 
then been attributed to natural radioactivity. In 
1923, S. C. Lind and D. C. Barwell established that 
diamonds were coloured green by bombardment with 
alpha-particles from radium, and there have been 
several reports during the past decade of the colouring 
of diamonds by proton and deuteron bombardment, 
though beta-, gamma- and X-rays seem to have 
little or no effect. The evidence suggests that dia- 
monds are more readily coloured by energetic heavy 
particles. This supports the theory that the colour 
centres are connected with the vacant lattice sites 
and interstitial atoms formed when the bombarding 
particles collide with the carbon atoms of the 
diamond lattice. 

A recent study by R. A. Dugdale of the effect of 
neutron bombardment of diamonds in the Harwell 
pile BEPO and of high-energy electron bombardment 
and of subsequent heat treatment confirms this view 
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(Brit. J. App. Phys., 4, 334 ; 1953). The pile radiation 
induced a green colour which deepened as the irradia- 
tion proceeded until the diamond actually became 
opaque, usually after about one week of irradiation. 
The changes in the absorption and fluorescence 
spectra which occurred on subsequent heating of the 
irradiated diamonds to various temperatures up to 
1,000° C. were studied visually, using a simple glass- 
prism spectrometer, and twenty-one specimens were 
examined in some detail. The effect of heating five 


nitural green diamonds was also studied. Their 
general behaviour was similar to the irradiated 
specimens. Some twenty small blue-fluorescing 


cclourless diamonds were coloured by bombarding 
them with electrons of $, 1 and 3 MeV. energies, and 
the 3-MeV. bombarded specimens on subsequent 
heating behaved in much the same way as those 
coloured in the pile. 

In the discussion of his Dugdale 
refers to Seitz’s statement that about eV. recoil 
energy is needed for a carbon atom in diamond to be 
displaced, by bombardment, from its normal lattice 
site to an interstitial site, and estimates that 0-001 
per cent of the atoms in diamond become Frenkel 
defects in a ten-hour irradiation in the pile. The 
plausible explanation advanced is that the green 
colour is associated with the lattice defects, and 
subsequent heating produces some mobility of the 
defects with some recombination and thus some 
reduction in the intensity of the colour. 


observations, 
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ALLOY JUNCTION TYPE OF 
TRANSISTOR 


SPECIAL article entitled ‘““New Advances in 


A 
the R.C.A. Laboratories Division, Princeton, N.J., 
which is printed in the April issue of the British 


Journal of Applied Physics (5, 115; 1954) will be of 


particular interest to solid-state physicists and to 
electronic engineers. The article is based on a lecture 
delivered by Mr. Herold in London on October 20, 
1953, and in it a survey is given of recent research 
conducted in the United States into the alloy junction 
tvpe of transistor which is now likely to supplant 
the older point-contact form. Taking as an example 
n-type, single-crystal germanium with indium as 
inpurity, Mr. Herold describes first the various steps 
in the formation of a transistor junction where a 
technique involving alloying is utilized. A piece of 
indium is placed on the germanium, and the tem- 
perature is raised until the indium melts. Cn heating 
further the molten indium becomes saturated with 
vermanium, and then, when the temperature is 
lowered, the germanium crystallizes out into indium- 
contaminated p-type form. The position and shape 
of the junction formed are, in principle, closely con- 
trollable by variation of the contact area between 
the p-type germanium and the n-type base, the 
\olume of indium and the maximum firing tempera- 
ture; but, in practice, surface wetting is a possible 
variant which must also be controlled. 

The p-n—p alloy junction transistor made by using 
two junctions on opposite sides of a thin germanium 
wafer is considered next, and its performance is 
discussed in terms of the current amplification factor 
x. The effects of the geometry, surface combination 
and emitter current injection on « are separately 
analysed, and the high-frequency limitations and 
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the equivalent circuit of the junction transistor are 
described in some detail. It is shown that the chief 
factors limiting frequency response can be reduced 
in magnitude in an improved p—n—p radio-frequency 
amplifier transistor, the details and dimensions of 
which are given, and which are compared with the 
earlier type 714153. Measured values show that the 
base-lead resistance is reduced by 5, the barrier 
capacitance by 3-5 and the diffusion capacitance by 
about 20 times, but the resistance between collector 
and base is less than that of the type 7.4153 transis- 
tor. Hence, « remains about the same with partial 
sacrifice of low-frequency gain but with great im- 
provement in high-frequency performance. The 
improved form of transistor has an upper oscillation 
limit between 40 and 75 Me./s. 

Finally, an experimental all-transistor personal 
broadcast set using six of the new radio-frequency 
transistors and three other transistors is described. 
It is smaller in size than the battery-operated all-valve 
receiver sold in the United States under the designa- 
tion ‘personal portable’, has about twice the audio- 
frequency output power and runs off a_ battery 
consisting of six ordinary flashlight cells lasting 500 
hours. 


MEASUREMENT OF ELECTRODE 
POTENTIALS IN LIVING AND 
DEAD TISSUES 
By Dr. D. B. CATER and Dr. A. F. PHILLIPS 


Departments of Pathology and Radiotherapeutics, 
University of Cambridge 

N the course of an investigation of the effect of 

oxygen on tumour tissue, a method has been 
developed for measuring platinum electrode potentials 
in tumours and normal tissues. Using rats bearing 
either Walker carcinoma 256 or Jensen sarcoma, 
definite potentials are obtained which respond in 
characteristic ways to various experimental pro- 
cedures, such as the administration of oxygen, or 
the injection of 2-methyl 1: 4-naphthohydroquinone 
diphosphate (‘Synkavit’)!. Different methods of 
killing the anima] result in markedly different and 
characteristic changes in the electrode potentials. 

The electrodes consist of fine platinum wires, 


insulated by a coating of ‘Araldite 985E’, supplied 
by Aero Research, Ltd., Duxford, Cambs. <A bevel 


is ground at the end, and this is scraped clean with a 
glass knife to produce a bright platinum surface of 
small dimensions. Cemented alongside the wire, 
leaving 1 cm. projecting, is a short plastic guide tube, 
through which can be passed a modified hypodermic 
needle having a bevel 1 cm. long. The hypodermic 
needle is used to guide the wire into the tissues, after 
which the needle is withdrawn, leaving the electrode 
in situ. The electrodes can be sterilized by boiling, and 
are suitable for insertion into animal or human tissues 
with a minimum of trauma. Small silver —- silver 
chloride electrodes are used to complete the circuit ; 
it does not make any difference into what tissues 
these are inserted. Simultaneous measurement with 
a glass electrode records any changes of pH. Glass 
electrodes of capillary form have been used, both 
made by us using the method of Voegtlin et al.? as 
modified by Kahler and Robertson’, and as supplied 
by the Cambridge Instrument Co., Ltd. The im- 
pedance of these ranges from 2 to 10 x 108 ohms. 








122 








2 Electrode in muscle sheath 
7] © tz0°4 
—__»- — - Electrode in muscle tOzon4 
4U20n* 
a t 
21 o| 
G*| of 
a ; Electrode in tumour 
rar E (just beneath capsule) X-ray 
Ss iS fT~. Ost - 00r. 
EIS Kaa 
S84=5) x | 
a [Se ; i ~ 
S |—"| Electrode in tumour ~—__+ ae 
o |U 4 oy 
2 AS om - 
5 i ah . 
> vn nS aid 1 1 
Fo} #0 tm" , ether and 
— | oa nembuta! 
e |S 1100r. 90-05 ml 
E19 
a Xray 1M 
z ja 
4 ——\_r = 
¥ i2noon ipm 2pm 3pm 4pm 
Fig. 1 


The potentials are measured with an electrometer 
valve circuit, slightly modified from DuBridge and 
Brown'. The measurement is by a null method, in 
which the potential difference can be balanced to 
within | mY. in the four ranges 0 to 0-5 V. and 
0 to + 1V. The input impedance is 5 101! ohms, 
which is high enough to prevent polarization even 
when the potentiometer is temporarily out of balance. 
By attention to proper insulation and earthing it is 
possible to take readings with each type of electrode 
during experimental procedures, including irradiation 
by means of a 220-kV,. X-ray generator. Complete 
electrostatic shielding of the animal has not been 
found essential. 

In some experiments two platinum electrodes and 
a glass electrode are inserted into the tumour and 
one platinum electrode into muscle. Each electrode 
is connected to a separate co-axial cable. About four 
readings a minute can then be taken, which makes 
it possible to study the changes of potential at the 
four different electrodes. Fig. 1 shows a typical 
experiment. Note (1) the rise in electrode potential 
when the animal breathes oxygen, (2) the marked 
fall in potential, followed by slow recovery, after 
intravenous injection of ‘Synkavit’, (3) that X-rays 
(1,100 r. at 220 kV».) cause a fall in potential at the 
irradiated electrodes in the tumour, with no change 
at the non-irradiated electrode in muscle. A second 


dose of X-rays after ‘Synkavit’ still results in a 
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‘ig. 2 shows that when the animal is killed by 
intravenous injection of cyanide, the electrode 
potentials remain practically unchanged for 10 min. 
anil then fall very slowly. Death from ether gives a 
similar slow fall. Compare this with the rapid fall of 
potential which occurs at all electrodes after death 
from coal gas as shown in Fig. 3. 

(he pH changes recorded by the glass electrode 
are small and cannot account for the large changes 
of potential at the platinum electrodes. 

‘he exact meaning of the electrode potentials 
described here may be difficult to interpret. Pre- 
liminary experiments have been made to follow 
changes of oxygen tension by measuring the current 
flowing through one of the platinum electrodes when 
+ suitable negative potential is applied®; these 
susgest that our measurements of electrode potentials 
wc not merely dependent upon tissue oxygen tension. 
Woe are working upon the hypothesis that the 
potentials are closely related to the oxidation- 
reduction potentials of one or more of the respiratory 
enzymes of the tissue, and to the substrate potentials 
in the case of coal gas poisoning. 


ga 
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of us (D. B. C.) acknowledges a British Empire Cancer 
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A NEW METHOD FOR THE 
COLORIMETRIC ESTIMATION OF 
AMINO-ACIDS ON PAPER 
CHROMATOGRAMS 


By F. A. ISHERWOOD 


Low Temperature Station for Research in Biochemistry 
and Biophysics, University of Cambridge and Department 
of Scientific and Industrial Research 


AND 
D. H. CRUICKSHANK 


Botany School, University of Cambridge 


4 SHORT review of many of the earlier published 
£ methods for the estimation of amino-acids on 
paper chromatograms has been given in a paper by 
Thompson, Zacharius and Steward!. 

The present method was required, in the first 
instance, in connexion with experiments on the 
reaction between amino-acids and keto-acids in the 
presence of trans-aminase enzymes from wheat and 
barley. The amino-acids under consideration were 
giveine, alanine, phenylalanine, and aspartic and 
glutamic acids; because of this, investigation of the 
present method has been limited largely to these 
amino-acids, though it is clearly capable of a much 
wider application, especially in connexion with the 
science of food and nutrition. 
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The principle of the method is that the amino-acids 
are quantitatively converted on the paper into their 
yellow 2: 4-dinitrophenyl (DNP) derivatives by 
treatment with 2: 4-dinitro-fluorobenzene (DNFB), 
and these derivatives serve both to locate the position 
of the amino-acid and as a basis for the subsequent 
colorimetric estimation. The absorption spectra of 
the various dinitrophenyl amino-acids very 
similar. However, treatment of the amino-acid on 
the paper with the large excess of dinitro-fluoro- 
benzene necessary to ensure complete conversion to 
the corresponding dinitrophenyl derivatives results 
in the formation of a large excess of 2: 4-dinitro- 
phenol, which seriously interferes with any simple 
colorimetric estimation of the dinitrophenyl amino- 
acids. The present method, in fact, hinges on the 
discovery that the latter can be separated from 
dinitrophenol by dissolving the mixture in 91 per 
cent w/w sulphuric acid and extracting the dinitro- 
phenol with benzene. In this strongly acid medium 
the dinitrophenyl amino-acids ionize as mono-acid 
bases and are insoluble in benzene. At lower con- 
centrations of sulphuric acid the dinitrophenyl 
amino-acids are present in the normal un-ionized 
form and can be readily extracted with organic 
solvents. In practice, after the removal of the 
dinitrophenol, the solution of the dinitrophenyl 
amino-acid in 91 per cent sulphuric acid is diluted 
to 30 per cent and extracted with a mixture of tert. 
amyl alcohol and benzene. ‘The dinitropheny! amino- 
acid is finally transferred to an aqueous solution of 
sodium bicarbonate for colorimetric estimation. 

The discovery of a method by which dinitropheny] 
amino-acid can be separated from dinitrophenol is 
important even apart from the present study. The 
method has been used? to effect a clean separation of 
dinitrophenyl glycine from the hydrolysis products 
of casein which had been treated with dinitro- 
fluorobenzene. Certain impurities which could not 
otherwise be removed were separated by dissolving 
the crude dinitrophenyl glycine obtained by the 
Sanger method® in 91 per cent w/w sulphuric acid 
and following the procedure described later. 

Chromatographic separation of the amino-acids. 
These were separated on paper chromatograms, the 
apparatus and general conditions of development 
being substantially the same as those described for 
the phosphoric esters'. Two solvent systems were 
used. A single-phase mixture of n-propanol—water 
(80: 20 vol.) was used for the mono-amino mono- 
carboxylic amino-acids and a mixture of n-propionic 
acid —tert. butanol—water (60:30:10 vol.) for the 
separation of the two dicarboxylic amino-acids. The 
distances travelled by glutamic and aspartic acids 
and alanine on Whatman No. 1 paper in 15 hr. with 
these two solvents were 2-0, 1-3, 8-8 and 11-8, 8-0, 
i8-6 cm., respectively. 

The solvent was removed from the chromatogram 
by hanging the paper in a current of air for 3-4 hr. : 
in the case of the second solvent, the last trace of 
n-propionic acid was removed by ‘steaming the 
papers for a short time. Experience has shown that 
cellulose adsorbs a number of compounds such as 
n-propionic and acetic acids and phenol very 
tenaciously, and even long drying at 100° will not 
remove them. In the presence of water vapour, 
however, they are readily displaced from the paper. 

The filter paper was chromatographically washed® 
to remove soluble impurities. Each paper was washed 
separately with 2 N acetic acid, water and 10 N 
ammonia. Tests have shown that this gives the most 
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Fig. 1. Absorption spectra of dinitrophenyl glycine in various 


concentrations of sulphuric acid. Concentration of dinitropheny] 
amino-acid, Wf x 10-* 
satisfactory results. Washing filter papers‘ in the 
form of a pad does not seem so reliable, and it may 
be that the washing liquid tends to run through the 
capillary spaces between the papers rather than 
through the papers themselves. 

Conversion of the amino-acids to their dinitrophenyl 
derivatives. The equivalent of 3-5 ul. of a 0-02- 
0-001 AZ solution of the amino-acid under investi- 
gation .(in experiments on enzymes the total con- 
centration of all amino-acids might be much larger) 
was present on the chromatogram. This was sprayed, 
as evenly as possible, at the rate of 5 ml. per 100 cm.? 
with a freshly prepared solution of dinitro-fluoro- 
benzene in alcohol containing a borate buffer. An 
all-glass throat spray was used and the operation 
was carried out under a hood. The solution contained 
0:06 gm. dinitro-fluorobenzene, 33 ml. of ethanol and 
17 ml. of 0-2 M borate buffer pH 8-4 except in the 
case of the two dicarboxylic acids, when a 0:-2-M 
borate buffer pH 10-0 was used. The amount of 
dinitro-fluorobenzene on the paper represented about 
40 equivalents of amino-acid at the highest con- 
centration at which they were applied to the paper 
(0-02 M). The reaction proceeded slowly in the cold 
but was very rapid at temperatures of 50—-100° C. 
The recommended method is to heat the papers 
after spraying in a closed water-jacketed oven! at 
about 80° C. for 30 min., though successful results 
were obtained if the sprayed papers were left over- 
night in the dark at room temperature. 

The detection of the amino-acid spots on the 
chromatogram was normally easy; but if the 
amount of amino-acid was very small, the paper was 
bleached by exposure to hydrogen chloride gas. The 
background colour, which was usually a pale yellow, 
was changed to white, and the dinitrophenyl amino- 
acids remained as orange-yellow spots. The limit of 
detection is about 0-0005 WZ calculated in terms of 
the concentration of the solution applied to the 
‘starting line’ of the chromatogram. 

Separation of dinitrophenol from dinitrophenyl 
amino-acids. This is effected by dissolving the 
mixture in strong sulphuric acid and extracting the 
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dinitrophenol with benzene. The dinitropheny! 
amino-acids are ionized in this medium and are not 
soluble in benzene. 

The concentration of sulphuric acid which would 
cause the ionization of dinitrophenyl amino-acids 
but not of dinitrophenol was determined by a study 
of the absorption spectra of the dinitropheny! 
amino-acids in various strengths of sulphuric acid. 
The simple fact that most organic acids and _ bases 
have absorption spectra which differ materially from 
those exhibited by the corresponding anions or 
cations means that the ionization can be followed by 
the change in absorption spectrum’. In Fig. 1 is 
shown the absorption spectra of dinitropheny] glycine 
in 5, 69, 87-5 and 98-4 per cent (w/w) sulphuric acid, 
and in Fig. 2 that of dinitrophenyl phenylalanine in 
69, 88 and 91 per cent (w/w) sulphuric acid. In 
spection of the curves for dinitrophenyl glycine shows 
that the general appearance is the same in con- 
centrations of sulphuric acid from 5 to 69 per cent, 
the change in the medium altering the extinction 
coefficient at all wave-lengths to much the same 
extent. In 98 per cent (w/w) sulphuric acid the 
dinitrophenyl glycine is almost certainly completely 
ionized, and it is significant that the absorption 
spectrum is very different from that in 69 per cent 
(w/w) sulphuric acid. In concentrations of acid 
between 69 and 98 per cent the absorption spectrum 
changes markedly, and this rapid change must be 
attributed to the presence in solution in varying 
amounts of two substances, one of which has an 
absorption curve like that in 69 per cent (w/w) 
acid and the other like that in 98 per cent (w/w) acid. 
Assuming the latter is due to the ionized form, a 
rough calculation based on the extinction coefficients 
at 350 my suggests that in 87-5 per cent acid at 
least 88 per cent of the dinitrophenyl glycine is 
ionized, and in 91 per cent acid at least 95 per 
cent: dinitrophenyl phenylalanine (Fig. 2) behaved 
similarly. 

Examination of dinitrophenol under similar con- 
ditions showed that there was only slight ionization 
in 87-5 per cent w/w sulphuric acid, and even at 
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Fig. 2. Absorption spectra of dinitrophenyl] phenylalanine in 


various concentrations of sulphuric acid. Concentration of 
dinitrophenyl amino-acid, M x 107 
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91 per cent it was not sufficient to interfere with the 
benzene extraction. 

‘he theoretical treatment of the ionization is 
complicated by the fact that the dinitrophenyl 
anino-acids can ionize in two different ways. It is 
of interest that both benzoic and phenyl acetic acids 
ar’ slightly stronger bases than dinitrophenyl glycine 
in sulphuric acid. 

Recommended procedure. The analytical procedure 
based on the observations described above was as 
fo. lows. 

Che piece of paper containing the dinitrophenyl 
anino-acid was cut from the chromatogram and 
then eluted with a solution containing 5 ml. of 
0:2 M borate buffer (pH 8-4) and 10 ml. of alcohol. 
The extract (0:5 ml.) was collected in a standard 
test-tube (15 cm. x 1-5 em.). Practically all the 
subsequent operations were carried out in this test- 
tube to avoid the losses which occur if solutions are 
transferred from one vessel to another. The alcoholic 
extract in the test-tube was evaporated to dryness 
by blowing a stream of cold air into the test-tube, 
aud to the residue was added 1 ml. of 91 per cent 
(\/w) sulphuric acid. The test-tube was shaken for a 
few seconds until the dinitrophenyl amino-acid had 
dissolved. The solution was then shaken with 3 ml. 
of purified benzene for 3 min. A mechanical shaker 
(the ‘Microid’ shaker, by Baird and Tatlock, is suitable 
for this purpose) was used, and it was essential to 
obtain a thorough mixing of the two layers without 
the shaking becoming so violent that liquid was 
ejected from the tube. After standing for 5 min., 
tlie two phases completely separated and the benzene 
layer was sucked into a pipette with a fine tip, care 
being taken not to remove any of the sulphuric acid 
layer. The extraction was repeated five times. (The 
benzene used was purified by shaking it repeatedly 
with fresh 98 per cent (w/w) sulphuric acid until the 
acid layer was no longer coloured, washed with water 
and dried over sodium sulphate.) The solution of 
dinitrophenyl amino-acid in the 91 per cent (w/w) 
sulphuric acid was now free from dinitrophenol. 

To recover the dinitrophenyl amino-acid, the acid 
layer was diluted to about 30 per cent by the addition 
of 2 gm. crushed ice and then extracted with an 
organic solvent. During the addition of the crushed 
ice, the test-tube was immersed in an ice—-alecohol 
cooling-bath and shaken until the ice had dissolved. 
‘ests showed that the temperature did not rise above 

6° at any time, and under such conditions no 
lestruction of dinitrophenyl amino-acids took place. 
\Vithout external cooling, the temperature may rise 
10°-50° momentarily. When the ice had dissolved, 
he solution was removed from the cooling-bath. 
(he dinitrophenyl amino-acid was then extracted by 
shaking with 3 ml. of 10 per cent (v/v) tert. amyl 
alcohol in benzene (the dinitrophenyl derivatives of 
nost amino-acids are soluble but that of phenyl- 
lanine is best extracted with 5 per cent alcohol) and 
tllowed to stand 5 min. The clear upper layer was 
carefully sucked up into a pipette and the extraction 
‘epeated twice. The combined extracts were then 
shaken with 1 ml. of a saturated aqueous solution 
f sodium. bicarbonate and allowed to stand. 0-5 ml. 
f the clear aqueous layer was run into a 1l-cm. glass 
nicro cell and the extinction coefficient measured 
ising a Hilger photoelectric colorimeter at either 
3650 A. or 4047 A. Since the absorption spectra of 

he different dinitrophenyl amino-acids varied slightly, 
he reading was compared against that for a standard 
olution of the pure crystalline dinitrophenyl amino- 
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acid dissolved in aqueous sodium bicarbonate. Blank 
readings were obtained by extracting an area of the 
paper close to those actually cut out for the estimation 
of the dinitrophenyl amino-acids. Such readings were 
never more than 2—4 per cent of those for the dinitro- 
phenyl amino-acids and were probably due _ to 
impurities in the benzene and incomplete extraction 
of the dinitrophenol. 

The above procedure has been applied successfully 
to the estimation of a number of mono-amino mono- 
carboxylic acids and to aspartic acid. In the case of 
glutamic acid, the method was modified because 
dinitropheny]! glutamic acid is unstable in the presence 
of 91 per cent (w/w) sulphuric acid at room tem- 
perature. The modified method is as follows : 

The dinitrophenyl glutamic acid was prepared and 
extracted from the paper chromatogram as described 
above. The dried alcoholic extract was then dissolved 
in 1 ml. of 91 per cent (w/w) sulphuric acid which 
had previously been cooled to — 12° C. in an ice— 
alcohol bath. The solution was extracted as described 
previously, with 3 ml. of a mixture of 30 per cent 
(v/v) purified toluene in purified benzene, the test- 
tube being immersed in an ice—alcohol cooling-bath 
throughout all the operations. The toluene was 
purified in the same way as the benzene. The 
mixture of toluene and benzene was used because, 
unlike benzene, it does not freeze at the temperature 
of extraction (— 12° C.). The extraction was repeated 
five times, working as quickly as possible and avoiding 
too vigorous shaking. To the acid layer was then 
added 2 gm. of crushed ice and the mixture shaken 
vigorously while still in the cooling-bath. As soon as 
the ice had dissolved, the test-tube was removed 
from the cooling-bath and the dinitrophenyl glutamic 
acid extracted with 10 per cent (v/v) tert. amyl 
alcohol-benzene as described previously. 

Effect of light on the dinitrophenyl amino-acids. 
Light has been shown’ to cause their destruction 
under certain conditions, and it was of interest to 
determine whether it had any effect in the present 
method. The result of experiments carried out in 
one case in direct sunlight and in the other in weak 
daylight are given in Table 1. 


Table 1. EFFECT OF LIGHT ON THE ESTIMAYION OF GLYCINE 
Chromatograms developed with n-propanol-water (80:20 vol.) for 
15 hr. Whatman No. 1 paper 





Extinction coefficient (Z, 4047, 1 cm.) 
! a = mane 


Solution of 
dinitropheny] 
glycine 
equivalent to 
glycine added 


Concentration of 
glycine applied to 


paper (3-02 y1.) Solution from | 
(M) 


chromatogram | 
in sunlight | 


Solution from 
chromatogram 
in dim light 











to paper | 
eT SE ice SN EN Meee! 
0-04 1-32 1-027 | 0-983 | 
0-02 0-66 0°64 | 0-481 
0-01 0:33 0:32 0-210 
0-005 0-165 0-165 0-111 
0-0025 0-082 00380 | 0-041 
0-00125 0-042 0-041 | o-012 | 








It is clear from these figures that light has a 
harmful effect. The practice adopted for the final 
procedure was to shade the solvents and papers con- 
taining the dinitrophenyl amino-acids from strong 
light and, if convenient, to work in artificial light. 
The precautions need not be excessive, and by 
working in the absence of strong daylight no loss 
from this cause was detected. 

Recovery of amino-acids. Quantities of the order 
of 6 ugm. (as 3 ul. of 0-02 M) of alanine can be 
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estimated to within + 5 per cent and the range of 
the method is from 0-5 ugm. to 20 ugm. The con- 
centration of the amino-acid applied to the paper 
should not exceed 0-02 M, because at higher con- 
centrations the reaction with the dinitro-fluorobenzene 
reagent does not give a quantitative yield of the 
dinitrophenyl amino-acid (cf. Table 1, concentration 


0:04 MM). Glycine, glutamic acid, aspartic acid, 
proline and phenylalanine give similar recovery 


figures to alanine. 

Several workers have suggested that there is a loss 
of amino-acid depending on the distance travelled 
by the spot on the chromatogram®®, Experience in 
the present study did not support this suggestion, 
though it must be emphasized that washed paper 
was used, and it may be that a compound is present 
in the unwashed paper which inhibits complex 
formation when using the copper method of assay. 
It is possible that the amino-acid can react with the 
dinitro-fluorobenzene reagent even in the presence of 
the inhibitor, whereas it may be less capable of 
forming a complex with copper. The shape of the 
spots on a paper chromatogram developed with 
n-propanol—water (80 : 20 vol.) was very much better 
if the paper had been washed. The outline of the 
spots was more nearly circular, and there was an 
absence of the forward-running shadow which is often 
present if ordinary Whatman No. 1 paper is used. 
It is significant that the recovery of phenylalanine, 
which has a high Rp value, and might be expected 
to show the maximum loss due to adsorption by the 
paper or combination with impurities, was of the 
order of 98 per cent. 

So far as one of us is concerned (F. A. I.), the work 
described in this paper was carried out as part of the 
programme of the Food Investigation Organization 
of the Department of Scientific and Industrial 
Research. The other (D. H. C.) is indebted to the 
University of Adelaide for a grant and to Prof. G. E. 
Briggs for the hospitality enjoyed while working in 
his department. [March 4. 
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A PAPER CHROMATOGRAPHIC 
METHOD FOR THE QUANTITATIVE 
ESTIMATION OF AMINO-ACIDS 
By Dr. ANTHONY L. LEVY 


Hormone Research Laboratory, University of California, 
Berkeley, California 


NEW method for the quantitative microanalysis 

of amino-acid mixtures has been developed, 
based upon the conversion of the amino-acids to their 
yellow N-2: 4-dinitrophenyl (DNP) derivatives, fol- 
lowed by the separation of these compounds on a 
two-dimensional filter-paper chromatogram, and 
their subsequent quantitative elution from the paper 
and estimation at 360 mu. 
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Fig. 1. 2-Dimensional chromatogram of a synthetic mixture of 
dinitrophenyl amino-acids (approx. 0:02 «M of each) 


Dinitrophenylation is effected quantitatively by) 
stirring an aqueous solution of the amino-acids 
(20-30 uM in 3 ml.) with a slight excess of 1-fluoro- 
2: 4-dinitrobenzene (FDNB) for 80 min. at pH 9-0 
and 40°, the pH being maintained at this value 


throughout this period by intermittent additions of 


standard alkali; a Jacobsen—Léonis? autotitrator is 
particularly convenient for this purpose. Excess 
fluoro-dinitrobenzene is then extracted with ether, 
the solution acidified, and the dinitrophenyl amino- 
acids extracted into ether (5 x 5 ml.). The aqueous 
solution, which contains dinitrophenyl arginine and 
a-dinitrophenyl histidine, is diluted to 10 ml. A 
2-ml. aliquot of the ether solution and a l1-ml. 
aliquot of the water solution are next applied to 


adjacent corners of an 18} in. x 224 in. sheet of 


Whatman No. | filter paper, which is then irrigated 
by the ascending procedure with the toluene — chloro 
ethanol — pyridine- 0-8 N ammonia (modified to 
5:3:1-5:3) mixture of Biserte and Osteux?. The 
chromatogram is dried for 3-4 hr. at 40°, and th 
spots due to dinitrophenyl arginine and «-dinitro 
phenyl histidine excised at this point. The paper is 
then run in the second dimension by the descending 
procedure with 1:5 M aqueous phosphate buffer 
(M NaH,PO, + 0-5 WZ Na,HPO,) as irrigating fluid 
to give the chromatographic pattern shown in Fig. 1. 
All the ether-soluble dinitrophenyl amino-acids are 
thereby separated, except dinitrophenyl leucine and 
isoleucine. The positions of dinitrophenyl tryptophan 
and di-dinitropheny! histidine coincide, but this does 
not present a difficulty in practice since the former 
amino-acid is not normally present in acid hydro- 
lysates, and the latter is determined as its mono- 
dinitropheny! derivative. 

The spots are cut out and dropped into a set of 
labelled test-tubes ; three blanks are also cut from 
each sheet. 4 ml. of water is pipetted into each of 
the tubes, which are then placed in a water-bath at 
55-60° for 15 min. to allow complete elution of the 
colour. After an additional 15 min. to allow the 


solutions to cool to room temperature, they are 
successively decanted into a l-cm. quartz cuvette 
and the optical densities at 360 mu (385 my in the 
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case of dinitrophenyl proline) read in the Beckman 
model DU spectrophotometer against a water blank. 
The optical density reading of the tubes containing 
blank paper is 0-001—0-002 per sq. cm., and the 
appropriate corrections are made for each spot 
according to its estimated size. 

The resulting ratios of the optical densities of the 
dnitrophenyl amino-acids are converted to molar 
ritios by multiplying by the following factors, which, 
within the accuracy of the method (+ 4 per cent), 
ave independent of the composition of the mixture 
analysed: Asp, 0:99; Glu, 0-94; CySS, 0-56; Ser, 
0:97; Thr, 1-02; Gly, 1:03; Ala, 1-09; Pro, 0-93; 
Val, 0:99; Met, 1-21; Leu and zs Leu, 1-10; Phe, 

03; Tyr, 1:54; Lys, 0-64; His, 1-62; Arg, 1-06. 
\Vhen the chromatograms are run in triplicate, the 
molar ratios are found to be reproducible to within 
2-3 per cent. Tyrosine, however, is subject to rather 
wider variation, for reasons which are not at present 
understood. 

For many purposes, a knowledge of the molar 

ratios is all that is required. However, when it is 
necessary to estimate the absolute amounts of the 
amino-acids present in a mixture, two independent 
methods of calculation are available. The less 
ecurate one (2-5 per cent) involves a direct con- 
version of the optical density readings to micromoles 
by means of a set of effective millimolar extinction 
coefficients ; they have the values 15-6/F, where 
represents the above set of factors. The greater 
inaccuracy of this procedure arises from differences 
n the absolute recovery of colour from replicate 
chromatograms ; however, these differences are not 
reflected in the molar ratios, since the variation seems 
to affect each amino-acid to a comparable extent. 
[he preferable method, therefore, combines the more 
.ecurate (2-3 per cent) molar ratios with the total 
— ity of amino-acids present in the mixture ; the 
latter figure, in turn, can readily be deduced from 
the alkali uptake which accompanies the reaction of 
the amino-acid mixture with 1-fluoro-2 : 4-dinitro- 
benzene. Thus, under the reaction conditions men- 
tioned above, the alkali uptake is found to be 77 + 
| per cent of the theoretical maximum (that is, 
2 “or per NH, group, 1 equiv. for tyrosine OH 
and 0-25 equiv. for the iminazole ring of histidine), 
after due correction is made for the formation of 
dinitrophenol (0-044 yM of OH-, ml.-? min.-?). 
Incidentally, the latter by-product does not interfere 
with the chromatography when the condensation 
with fluoro-dinitrobenzene is carried out as described 
above in a solution approximately 0:01 M with 
respect to amino-acids; for more dilute solutions, 
however, it is necessary to reduce the dinitrophenol 
concentration by sublimation’ before application to 
the paper. 

The most obvious application of this method is to 
the analysis of protein hydrolysates, which requires 
about 0:2 mgm. of protein (equivalent to approx- 
imately 0-1 uM of each amino-acid) per chromato- 
gram; although if paucity of material is not a 
decisive consideration, it is more convenient to weigh 
out 2-3 mgm. of protein, and take aliquots for 
chromatography as described above. The results of 
an analysis® made in this manner (in duplicate) of 
beef A insulin (kindly made available to us by Dr. 
Lyman C. Craig) are presented in Table 1, together 
with the results of an analysis® of the same material 
recently carried out by Dr. E. J. Harfenist using the 
classical ion-exchange column procedure of Moore 
and Stein’, and, for comparison, the theoretical molar 
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Table 1, ANALYSES OF BEEF A INSULIN 
24-hr. hydrolysates. Uncorrected for destruction or inc omplete 
liberation from peptide linkages 
' = 
| Residues per molecule — 
Lev. y and Chung Harfenist | Sanger (theoret. ) 
| (ref. 5) (ref. 6) (ref. 8) 
| Asp 2-9 | 2-9 3 
| Glu 6-7 | 6-7 7 
CySS 2-8 | 2-9 3 
Ser 2°3 | 2-6 3 
| Thr 1-0 0-9 | 1 
| Gly 4-2 | 40 | 4 
Ala 3-0 | 3:0 | 3 
| Pro 1-0 1-1 1 
Val 46 4:7 5 
|  Leus 7:1 65 7 
| Phe 3-0 | 3-0 3 
} Tyr i 3°8 | 4-0 4 
Lys 1:0 0 1 
His 1°9 2:0 | 2 
Arg 1-0 1-0 | 1 
Totals 46°3 46:3 48 








ratios for the structure proposed by Sanger*. Satis- 
factory analyses of «-corticotropin® (39 amino-acids), 
ribonuclease (123 amino-acids), growth hormone (361 
amino-acids) and a variety of synthetic mixtures 
have also been made in this laboratory and will be 
reported separately. 
The method is, of course, ideally suited to the 
analysis of terminal ¢ uMiNo-aAc ids and peptides derived 
from prote ins by Sanger’s procedure’, since they are 
already in the form of their dinitropheny! derivatives. 
Further, by subjecting the hydrolysate to dinitro- 
phenylation, an amino-acid analy sis and end-group 
determination can be made on the same micro- sample 
of protein: examples of this application will be 
published elsewhere. Dr. J. I. Harris, in this labor- 
atory, has successfully applied the method to the 
determination of very small quantities (0-05-0-2 uM) 
of amino-acids released by the action of carboxy- 
peptidase on proteins. The method would also appear 
to be well adapted to the analysis of biological fluids, 
since it is unaffected by the presence of ammonia, 
salts or proteins. 
The procedure described obvious 
affinities with the column-dinitrophenyl method of 
Mills*, and with the many methods of quantitative 
paper chromatography of amino-acids using nin- 
hydrin, copper, etc., as indicating reagents. Its 
particular feature is that it combines the convenience 
of the latter techniques with the accuracy of the 
former. 
Full details of this method will be published 
shortly. 
I wish to express my thanks to Mr. David Chung 
for his expert technical assistance, and to Prof. 
Cc. H. Li for his interest and encouragement in 
connexion with this work. The investigation was sup- 
ported in part by research grants from the National 
Institutes of Health, United States Public Health 
Service (grant No. G 2907) and the Rockefeller 
Foundation. [Feb. 24. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Ribonucleotide Analysis of Individual 
Nerve Cells 


CHEMICAL analyses of individual body cells are 
valuable in view of the importance of exact local- 
ization of substances; but reliable analyses can, 
however, be performed only to a limited extent. 
This is due to the difficulties of applying biochemical 
procedures in dimensions of the order of magnitude 
in question. It has therefore been necessary to rely 
almost entirely on histophotometric methods. In 
most cases there are only restricted possibilities of 
obtaining chemical data on the cell by such means. 
An account is given in the following of a procedure 
for the extraction, isolation and hydrolysis of the 
ribonucleic acid in individual nerve cells, with sub- 
sequent separation and identification of the mono- 
nucleotides formed. 

The chromophil substance in the nerve cells has 
earlier been shown to contain a substance with many 
properties similar to those of ribonucleic acid!. It was, 
however, not known whether it also contains the 
four mononucleotides which characterize this acid. 
Analyses of the ribonucleic acid in nerve cells cannot 
be carried out with current macro- and micro- 
chemical methods. This is because of the structure 
of the nervous tissue, in which the cell bodies con- 
stitute only a small percentage of the volume. 
Consequently, it is necessary to analyse individual 
cells. Large cells with a volume of (10-100) x 10° uy? 
contain 100—1,000 pgm. of ribonucleic acid (1 pgm. = 
10-22 gm.)*. Since the usual microchemical methods*-* 
require quantities a million times greater for analyses, 
we were obliged to use a special technique. By means 
of ionophoresis on a cellulose fibre, nucleotide 
analyses on individual motor anterior horn cells from 
the rabbit were performed. 

Using a de Fonbrune micromanipulator‘, individual 
cells are dissected out of Carnoy-fixed nervous tissue, 
cut into sections 70 » thick and mounted on cover- 
glasses. A section is saturated with dilute acetic 
acid and surrounded by liquid paraffin in an oil 
chamber®. A micro-needle is used for dissection, 
separate cells being placed on a free part of the 
cover-glass and crushed against it with the needle. 
Each cell is incubated with a volume of extraction 
fluid four to five times greater than that of the cell. 
The cells are extracted three times for a total period 
of 1 hr. at 20°C. The extraction 
medium consists of 0-4 mgm./ml. of 
ribonuclease in a 0-2-M ammonium 
carbonate, ammonium acetate buffer of 
pH 7-7. The buffering substances are 
volatile. The procedure so far is essen- 
tially the same as that used for quant- 
itative determinations of ribonucleic 
acid from single cells?. 

The extracts are evaporated on an- 
other cover-glass, which forms the roof 
of a part of the oil chamber free from 
paraffin. The cell extracts are conveyed 
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cell has been completely extracted and the extracts 
from one and the same cell have been evaporated on 
to the same point of the cover-glass, each cell extract 
is incubated with a volume of 1 M hydrochloric acid 
of the same order of magnitude as the extraction 
volumes. Evaporation is prevented with liquid 
paraffin. Hydrolysis is allowed to proceed for 18 hr, 
at 26° C. The hydrolysate is then evaporated on to a 
dry cover-glass, in the same way as in the extraction 
procedure. The hydrochloric acid is removed by this 
means from the mononucleotides formed during 
hydrolysis. When the extract is to be analysed, it is 
dissolved in a small volume of 0:02 M sodium 
hydroxide in the paraffin-filled chamber. 

The mononucleotides formed are separated by 
ionophoresis on a cellulose fibre, using in principle the 
same technique as that described by Edstrém‘*. Arti- 
ficial silk produced by the copper-ammonia method 
from cellulose is treated with alkali and saturated with 
a highly viscous, non-volatile citrate buffer of pH 3-6. 
A fibre is taken out of a thread and freed from excess 
moisture. It is then stretched on a quartz slide. Two 
dabs of a paste consisting of the citrate buffer stirred 
into silica gel are smeared on to the fibre at a distance 
of about 1 mm. from each other. The inverted quartz 
slide is then made to form the roof of a part of the oil 
chamber, free from liquid paraffin. A cover-glass with 
a dissolved hydrolysate forms an oil-filled part in the 
same chamber. Hydrolysate is taken from the cover- 
glass with a micropipette and, with the tip of the 
pipette applied to the fibre, it is evaporated at some 
point between the two dabs of paste. This part of the 
chamber is then also filled with liquid paraffin. 

Metal wire electrodes are inserted into the dabs of 
paste by means of the micromanipulator. When the 
buffer has a viscosity of 500 poises, a direct current 
voltage of 500 V./mm. is applied for 90 min. The 
mononucleotides move towards the anode and 
separate from each other to a total distance of about 
0-5 mm. When adequate separation has been 
achieved, the quartz slide is removed from the 
chamber and taken to the Kohler ultra-violet micro- 
scope. The fibre is photographed in monochromatic 
light of 257 and 275 mu. The migration velocities 
and the ratio of the absorption values for each band 
at 257 and 275 my have been found to be equal to 
those of the bands resulting from ionophoretic runs 
of pure preparations of the four ribomononucleotides’ 
The bands, counting from the cathode to the anode, 
are: cytidylic acid, adenylic acid, two bands of 
guanylic acid and uridylic acid. Cytidylic acid and 
guanylic acid are found in the Jargest amounts. An 
ionophoretic analysis of a motor anterior horn cell 
from the rabbit is shown in Fig. 1. 


Direction of run 
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0-5 mm. 





to this cover-glass with a micropipette. 
The extracted, enzymatically degraded 
nucleic acid is freed from buffer electro- 
lytes by this evaporation. When each 


Fig. 1. 


Ionophoretic separation of mononucleotides from the ribonucleic acid of 
a motor anterior horn cell. The fibre used is photographed at 257 muz and 275 mu, 
¢, a, g and u denote cytidylic, adenylic, guanylic and uridylic ‘acid respectively. 
g, and g, are the two bands of guanylic acid 
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It is evident that the nerve cells contain a ribo- 
nucleic acid which, with respect to nucleotide com- 
position, is similar to that obtained from other organs 
of the body. 
JAN-Er1IK EpstrOm 
HoiGerR HyprENn 
Department of Histology, 
Medical Faculty, 
University of Géteborg. 
March 30. 
ifydén, H., Acta Physiol. Scand., Supp. 17 (1943). 
Edstrom J.-E., Biochim. et Biophys. Acta, 12, 361 (1953). 
smith, J. D., and Markham, R., Biochem. J., 46, 509 (1950). 
‘Davidson, J. N., and Smellie, R. M. 8., Biochem. J., 52, 594 (1952). 
Fonbrune, P., ‘‘Technique de Micromanipulation” (Mon. Inst. 
Pasteur 1949, Masson, Paris). 
‘Edstrom, J.-E., Nature, 172, 809 (1953). 
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A Possible Function of Intracellular 
Ribonucleases 


Many theories have been put forward concerning 
the mechanism of protein synthesis, and most of them 
have suggested that ribonucleic acid acts as a tem- 
plate upon, or alongside which, peptide chains are 
synthesized. The arrangement of the amino-acids 
in the peptide chain is supposedly regulated by the 
highly specific arrangement of the nucleotides which, 
it has been suggested’*, may contain high-energy 
phosphate at the proper intervals to effect peptide 
bond synthesis. A recent detailed account of this 
theory and some evidence for the phosphorylation of 
ribonucleic acid has been offered by Dounce?)?. 
It is not clear how the peptide chains, once formed, 
© would be separated from the nucleic acid, since there 
> would be strong electrovalent forces holding them 
together, particularly between highly positive basic 

amino-acids and strongly negative nucleotide residues, 
© as well as secondary hydrogen bonding and van der 
4 Waals’s forces. It is possible that the release of the 
» protein may be accomplished by partial or complete 
degradetion of the polynucleotide chain by intra- 
cellular ribonucleases. It should not be difficult to 
devise experimental procedures to determine whether 
these enzymes are able to break down the ribonucleic 
acid portion of ribonucleoprotein complexes, thereby 
releasing active enzymes. If a system could be 
obtained in which complexes of enzymes with ribo- 
nucleic acid tended to accumulate, then the addition 
of a ribonuclease to such a system should result in 
| an increase in enzyme activity. 

Attempts were made to demonstrate this using 
relatively old (7-10 days) cultures of Tetrahymena 
pyriformis S. The methods of preparation of the 

> cultures, isolation of the organisms and preparation 
% of the homogenates, as well as the enzyme assays 
% have been previously described‘>, Assays were 
carried out for deoxyribonuclease and the oxidation 
of succinate. The results of a typical experiment 
with deoxyribonuclease are shown in Fig. 1. The 
addition of 2-5 mgm. of protease-free ribonuclease 
(Worthington Biochemical Sales Co.) approximately 
doubled the deoxyribonuclease activity, so that the 
© hydrolysis of the substrate was essentially complete 
') after 30 min., whereas in the control this required 
> 60 min. Similar results were obtained with 8-10 day 
/= old cultures of the W strain. 

) In the assays for the oxidation of succinate the 
results were more variable. Increase in activity on 
') addition of ribonuclease (0-1-0-5 mgm. per Warburg 
flask) ranged from 0 to 35 per cent. The succinate 
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Fig. 1. The deoxyribonuclease activity of a homogenate of an eight- 
day old culture of Tetrahymena pyriformis 8. with and without 
added crystalline pancreatic ribonuclease. Closed circles, control ; 
open circles, control plus 2-5 mgm. ribonuclease. The system 
contained 10-0 ml. of 0:1 M veronal-acetate buffer, pH 5-2, 
10-0 ml. of 0-2 per cent NaDNA and 5-0 ml. of homogenate. The 
activity is expressed in terms of the decrease in optical density 
with time of aliquots precipitated with an equal volume of 
1-0 N HCl. The values above have been corrected for the action of 
crystalline pancreatic ribonuclease on the RNA in the homogenate. 
The sample of pancreatic ribonuclease used had no action on 
NaDNA under identical conditions 


oxidizing system does not appear to be well suited 
to these experiments, as in older cultures the activity 
was quite low and small changes were thus likely to 
be magnified. 

The above results are admittedly only suggestive, 
but it may be possible to obtain a better demonstra- 
tion of the release of protein enzymes by ribonuclease 
in some other biological system, possibly one that 
has been inhibited by ribonuclease inhibitors. 
Recently, Lundblad and Hultin® demonstrated the 
liberation of proteolytic enzymes of the sea urchin 
egg by ribonuclease. A clearer proof would be to 
show an increase in enzyme activity or the liberation 
of enzyme activity on treatment of purified isolated 
ribonucleoprotein with ribonuclease. 

The rather rapid turnover of ribonucleic acid in both 
the cytoplasm and nucleus might be due to the action 
of intracellular ribonucleases, and the occurrence of 
these enzymes in the nucleus, aes well as the cyto- 
plasm, in certain tissues seems probable’. 

Jay S. Roru* 

William Goldman Isotope Laboratory, 

Division of Biological Chemistry, 
Hahnemann Medical College and Hospital, 
Philadelphia 2, Pennsylvania. 
* Present address: Strangeways Research Laboratory, Cambridge. 
(British-American Cancer Research Exchange Fellow.) 
1 Dounce, A. L., Enzymologia, 15, 251 (1952). 
* Pollister, A. W., “Chemistry and Physiology of the Nucleus”, 159 

(Academic Press, N.Y., 1952). 

* Dounce, A. L., and Kay, E. R. M., Proc. Soc. Exp. Biol. Med., 83, 

321 (1953). 
* Eichel, H. J., and Roth, J. S., Biol. Bull., 104, 351 (1953). 
5 Eichel, H. J., J. Biol. Chem., 206, 159 (1954). 

* Lundblad, G., and Hultin, E., Exp. Cell. Res., 6, 249 (1954). 
? Roth, J. S., J. Biol. Chem., (208, 181 (1954)]. 


Solubility and Electrophoretic Behaviour 
of Steroid-Detergent Mixtures in Aqueous 
Buffers 


WE have tried to overcome the _ well-known 
difficulty of preparing aqueous solutions of steroids 
by the use of detergents. We have been interested 
further in the study of the behaviour of the detergents 
themselves and of steroid-detergent mixtures in the 
electric field and in the practicability of separating 
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steroids by this means. One of us! has described the 
application of paper electrophoresis for separating 
steroids after esterifying with anhydrous succinic 
acid and forming the sodium salt. There are very 
full accounts of protein-detergent complexes and 
their behaviour in the electric field?»*. Polonovski' 
has recorded his studies of the dissolving power of 
invert soaps in cholesterol, lecithin, cerebrosides and 
glycerides ; but we were unable to find any similar 
observations on steroids and detergents. 

A special procedure permits the emulsification or 
dissolution of crystalline steroids (deoxycorticosterone, 
androsterone, cortisone, testosterone (Schering A.G., 
Berlin) ) and of the neutral ketonic fraction of 
urine in aqueous buffers by anionic, cationic or non- 
ionic detergents. There are seemingly analogous 
stoichiometric relations as in protein detergent com- 
plexes. In general, the ratio deoxycorticosterone : 
detergent was 1:4; but it was necessary to double 
the concentration for androsterone. The dissolving 
power increases from cationic through anionic to non- 
ionic detergent; but anionic detergents were most 
effective in our electrophoretic tests. 

Paper electrophoresis was performed according to 
the method of v. Holt, Voigt and Gaede’, using 
phosphate buffers of pH 7-2 and an ionic strength 
of 0-045. The paper strips after electrophoresis were 
examined by fluorescence and the required parts cut 
out and eluted ; alternatively, lengths of 5 mm. were 
cut off and eluted. 

Electrophoresis of detergents alone had various 
results according to the brand and purity of detergent. 
Up to seven distinct isolated bands could be de- 
termined by fluorescence and ultra-violet absorption. 
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Detergent W 6763 (Chemische Fabrik Stockhausen 
und Cie., Krefeld), the sodium salt of a sulphonated 
alkyl-benzene, was the most useful for the paper 
electrophoresis of steroids, its dissolving power being 
effective and having only one strong and a second 
weak band. 

Fig. 1 shows the electrophoretic behaviour of 
W 6763; Fig. 2 shows that of the W 6763 cortisone 
complex. The abscisse give the distances from 
starting point in mm. intervals, the ordinate the 
extinction at 240 and 220 my. The migration of 
the detergent-cortisone complex is evident. We were 
able to show the migration of deoxycorticosterone 
and androsterone in the same manner. 

Investigations by this method are being carried 
out, especially in separating steroids of urine. 
Details of this work and the possible biological use 
of such steroid-detergent solutions will be described 
elsewhere. 

Orro J. Scumip 
Kuiavus D. Voicr 
Physiologisch-Chemisches Institut, 
II. Medizinische Klinik der Universitit, 
Hamburg. 
March 17. 
* Voigt, K. D., and Beckmann, I., Acta Endocrin., 18, 19 (1953) ; 
251 (1954). 
* Jerchel, D., and Scheurer, H., Z. Naturforsch., 8 b, 541 (1953) 
* Putnam, F. W., “Adv. Protein Chemistry’, 6, 79 (1948) 


* Polonovski, J., Ann. Chim., 5, 671 (1950). 
5 vy. Holt, C., Voigt, K. D., and Gaede, K., Biochem. Z., 328, 345 (1952). 


Synthesis of y-Methyleneglutamic Acid 
and y-Methyleneglutamine 


THE isolation of two unsaturated amino-acids 
(I, X = OH and NH,) was recently reported!. They 
were first obtained from groundnut plants, but have 
since been detected in two quite unrelated species, 
namely, tulips? and hops*. In groundnut plants they 
have been shown‘ to be of considerable biochemical 
importance, playing a major part in nitrogen 
transport. 

HO,C.CH(NH,).CH,.C( =CH,).CO.X (I) 

We have now confirmed these structures by 
rational synthesis. 1-Formamidobut-3-yne-1 : 1- 
dicarboxylic ester> was treated with nickel carbonyl 
in aqueous-ethanolic acetic acid*, when the expected 
Reppe carboxylation took place, giving the corre- 
sponding a-substituted acrylic acid in 45 per cent 
yield. Vigorous alkaline hydrolysis then removed 
ester groups and effected decarboxylation and ex- 
tensive deformylation, giving (I, X = OH) directly, 
admixed with the corresponding formyl derivative, 
which was readily separated. 

Treatment of (I, X = OH) with phthalic anhydride 
in pyridine and afterwards with acetic anhydride 
yielded (II), which was treated with ammonia under 
anhydrous conditions. In contrast to the correspond- 
ing derivative of glutamic acid itself*4¢, this anhydride 
gave a mixture of half-amides (III and IV) inseparable 
by crystallization, but counter-current partition 
between n-butanol and M-phosphate buffer (pH 6-2) 
separated the two isomers, which had almost identical 
melting-points (205°) but significantly different 
dissociation constants (pK values 5-18 and 5-99 in 
60 per cent ethanol; cf. values of 4°93 and 6-38 for 


phthalimidoacetic and methacrylic acids, respectively, 4 


under these conditions). The more abundant and 
more acidic isomer, evidently (III), gave a complex 
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co co co 
N- CH O N—CH.CO,H 
co CH, CO ‘co CH, 
——a H,C= C.CONH, 
CH, io (IIT) 
(II) 
co 
| N—CH.CONH, 
eo. ea, 


| 
H,C=C.CO,H 
(IV) 


mixture of products on treatment with hydrazine in 
boiling alcohol”, but in cold, neutral aqueous solu- 
tion’ gave a 25 per cent yield of an easily isolated 
amino-acid (I, X = NH,). From (IV) no homo- 
geneous dephthaloylation product could be obtained. 

The identity of (I, X = OH) and natural y-methyl- 
eneglutamic acid was established by racemizing the 
latter in acid solution and examining infra-red spectra 
of ‘Nujol’ suspensions*@ and X-ray powder diffraction 
lines. In each case detailed and identical patterns 
were obtained. The two racemic acids were shown 
to be inseparable from the natural L-acid (configura- 
tion assumed) when co-chromatographed on Whatman 
No. 4 filter-paper, using water-saturated phenol, 
n-butanol-acetic acid®, collidine—hutidine’®, or 70 per 
cent n-propanol as solvents. Identical and char- 
acteristic yellowish-brown spots were obtained when 
the dried chromatograms were treated with nin- 
hydrin; in aqueous solution with an excess of the 
reagent normal blue-purple colours resulted. Finally, 
the synthetic and racemized natural acids were de- 
carboxylated by Clostridium welchit S.R.12 (N.C.T.C. 
6784), when under comparable conditions in a typical 
experiment the initial rates of carbon dioxide evolution 
were 149 and 154 mm.*/hr., respectively. The natural 
L-form was decarboxylated at about double the rate 
of the pt-forms ; in all cases complete decarboxyla- 
tion of the L-isomer eventually occurred, with the 
liberation of the theoretical amount of carbon 
dioxide. 

The identity of synthetic (I, X = NH,) and the 
natural L-amide—which has not as yet been racemized 
without simultaneous hydrolysis—could not be con- 
firmed by infra-red®* or X-ray diffraction data*?. 
These showed appreciable differences, due, no doubt, 
to the former being a true racemate; infra-red 
spectra of optically active amino-acids and the 
corresponding racemates are known!! to show un- 
usually large differences, probably because of the 
importance of hydrogen bonding in their crystal 
lattices. The two amides were, however, inseparable 
on paper chromatograms developed with the solvents 
listed above, and gave identical reddish-brown spots 
when the dried chromatograms were treated with 
ninhydrin. Both amides were enzymically deamidated 
to y-methyleneglutamic acid by dialysed extracts of 
groundnut leaves at pH 7; using solutions equimolar 
with respect to the L-isomer the deamidation appeared 
to proceed at similar rates for the two substances. 
The natural acid was completely converted to 
y-methyleneglutamic acid in less than 3 hr., while 
approximately 50 per cent of the synthetic amide 
(that is, the p-isomer) remained at the end of the 
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same period. Since the other known deamidases are 

fairly specific as to substrates, these observations 

indicate, independently of other evidence, that the 
pe : 

two amides are identical in structure. 

P. WAILES 
M. C. WHITING 
Chemistry Department, 
University of Manchester. 

L. FowpEN 

Botany Department, 

University College, 

London, W.C.1. 
May 19. 
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Stereochemistry of Cocaine 


Two years ago, positive evidence was presented for 
the configurations of tropi7: and )-tropin', )-ecgonin?, 
scopolamine and valeroidine*® using the acyl migration 
reaction’:> and other methods. Regarding the steric 
structure of cocaine (I), the cis relationship of the 
COOH and OH groups has been demonstrated?, 
while in Y-cocaine these groups appear to be trans 
placed. The failure of N-acetyl-nor-ecgonin ethy] ester 
to undergo acyl migration was considered? as evidence 
for the anti position of both functional groups of (I) 
with respect to the ring nitrogen atom. However, 
we tried to get more conclusive experimental proofs ; 
more so since our attention was directed by G. Stork 
(private communication, October 15, 1952) to the 
possibility of dehydration during acyl migration 
in the case of N-acetyl-nor-ecgonine ester. Further- 
more, Prof. W. Hiickel postulated (January 24, 1953) 
the hindering effect of the carbethoxyl group to be 
responsible for the failure of the acyl shift. 
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Ecgoninol was converted into 2-chloromethyl-3- 
tropanol (hydrochloride np. 217° [a]3) = — 60-2 
(H,O) ), and this, in turn, forms by hydrogenolysis 
2-methyl-3-tropanol (m.p. 56°, [a]? = — 58-2 
(C,H;OH) ). 

On the other hand, the chloromethyl derivative 
furnished a compound on the action of sodium 
bicarbonate—a compound showing correct analytical 
data for the structure of an internal ether (II) 
(hydrochloride, m.p. 222°; [a]3) = — 78-3° (H,O). 
Found: C, 57-08; H, 8-28; N, 7-28; Cl (ionic), 
18-63. C,H,,ON.HCl requires: C, 56-97; H, 8-50; 
N, 7-39; Cl (ionic), 18-70 per cent). This did not 
show olefinic character, but can be reconverted by 
hydrochloric acid under pressure into the chloro- 
methyl derivative and gave on the action of sodium 
methoxide 2-methoxymethyl-3-tropanol. 

The formation of (II) from ecgoninol gives definitive 
evidence for the cis position of the CH,OH and OH 
groups (already proved by the formation of a cyclic 
benzylidene acetal with a six-membered ring?) and con- 
sequently for that of the functional groups in cocaine, 
since a four-membered ring fused to a six-membered 
ring in the 1.2-position is too highly strained to exist 
in a trans modification’. 

2-Methyl-3-tropanol (from I, m.p. 56°) was con- 
verted into the nor compound ( [«]*)) = — 57°, H,O) 
and this, in turn, furnished reversibly an oxazine 
derivative (III) ( [«}]?) = + 3-5°), when treated with 
p-nitrobenzaldehyde. (The conversion of nor-syn- 
tropine into an oxazine was realized first by Hardegger 
et al.*. This method furnished obviously in the case 
of its homologues non-equimolecular mixtures of the 
two possible epimers on the y-C-atom. Consequently, 
the analytical figures correspond to the calculated 
values, but the melting points are not sharp.) Thus 
the correlation of cocaine to )-tropine is established. 
Meanwhile, in agreement with our findings, Findlay 
recorded recently’? another piece of evidence for the 
syn position of C,;—OH and ring N in (I) and con- 
sequently for the C,-epimerism of cocaine and v- 
cocaine. This was based upon the method of acyl 
migration O +N, in the case of O-benzoyl-nor- 
ecgonin. 

Direct evidence supporting the syn position of COOH 
and N in cocaine is now presented by us as follows. 

N-cyano-nor-cocaine gave on hydration N-carbamyl- 
nor-cocaine (m.p. 180°; [a]*) = — 34°, CH,OH), and 
this, in turn, furnished on the action of sodium 
methoxide at — 15° (to avoid epimerization at C,) 
N-carbamyl-nor-ecgonin methyl ester (m.p. 212°; 
[a]? = — 93°; in 70 per cent CH,OH (H,O) ), 
together with the neutral cyclic ureid of N-carbamyl- 
nor-ecgonin (IV) (m.p. 198°. Found: C, 55-45; 
H, 6-30; N, 14:09; OCH,©; active H, 1-03 per 
cent. Calc. for C,H,,0,N,: C, 55-00; H, 6-16; 
N, 14-29; OCH,;9; active H, 1-01 per cent). 

Furthermore, considering the formation of (II) and 
(III), the structure of (—) 28-carbomethoxy-38- 
benzoyloxy-tropane (for the stereochemical notation 
of tropane derivatives the «,8 conventions proposed 
in our first paper’ were used) (I) for cocaine is con- 
firmed. 

These facts may also be regarded as additional 
evidence for the steric structure of )-cocaine, suggested 
previously by one of us*. A further direct proof for 
the syn position of C,—OH and N was furnished by 
converting it via -eegoninol- into 2-methyl-nor-3- 
tropanol ([«]%? = + 50-5°), which afforded a cyclic 
oxazine derivative (V) ( [«]*7 = + 70-5°) when con- 
densed with p-nitrobenzaldehyde. 
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Since the stereochemistry of cocaine and -cocaine 
seems to be settled, further investigations wil! be 
directed towards the synthesis and configuration of 
the two remaining epimers. 

Experimental details will be published soon jn 
Helvetica Chimica Acta. 

This work was supported by 
Academy of Science. 
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Transition Temperatures of Polymers at 
Ultrasonic Frequencies 


THE variation of ultrasonic velocities with tem- 
perature in methyl methacrylate polymers was 
determined by Protzman! and by Melchor and 
Petrauskas?. Using the optical diffraction method, 
Protzman found a transition temperature at which 
there is an abrupt increase in slope in the linear 
variation 9f the velocity with temperature and also 
found that this transition temperature decreases 
linearly with frequency, in the range covered by his 
experiments. Working in the same range of fre- 
quencies and using the pulse method, Melchor and 
Petrauskas reported a slightly different transition 
temperature which, however, was found not to vary 
with frequency. 

Using the ultrasonic pulse method involving the 
principle of total internal reflexion described in detail 
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in a paper by Krishnamurthi and Balakrishna’, we 
have determined the variation of longitudinal 
velocities with temperature in methyl methacrylate 
and styrene polymers. We have found that there is a 
transition temperature for sound velocity in poly- 
styrene. The velocities are measured with an error 
of less than 1 per cent. 

The velocities are determined at four different 
frequencies in each case, namely, 1-15, 2-30, 3-45 
and 5-75 Me./s. For the first two frequencies, the 
thickness of the samples used is not sufficient to give 
correct values of velocity, whereas for the two higher 
frequencies identical values of velocities are obtained 
at each temperature. However, at all frequencies, 
the transition temperature is found to be the same. 
In Fig. 1 the results obtained at the higher frequencies 
are plotted. The graphs show transition temperatures 
at 61° C. for polymethyl methacrylate and at 70° C. 
for polystyrene. Thus, in the frequency-range 
1-6 Me./s. used in this experiment, the transition 
temperature remains the same at all frequencies. 
This is in agreement with the earlier observation by 
Melchor and Petrauskas in polymethyl methacrylate. 

We thank Prof. 8S. Bhagavantam for his guidance 
and interest throughout this work. 

M. KrisHNAMURTHI 
G. SrvaRaMa SASTRY 
Physical Laboratories, 
Osmania University, 
Hyderabad, India. March 8. 
'Protzman, T. F., J. App. Phys., 29, 627 (1949). 
*Melchor, J. L., and Petrauskas, A. A., Indust. Eng. Chem., 44, 716 


(1952). 
Krishnamurthi, M., and Balakrishna, 8S., Ind. Acad. Sci., 38, 495 
(1953). 
Chlorine Isotope Effect 
DurtnG the past few years, there has been a 


growing interest in the differences in reaction-rates 
which arise from isotopic substitution. Attention 
has been largely focused on the isotopes of carbon, 
nitrogen and oxygen', but recently the effect has 
been demonstrated for heavier atoms, in particular 
for the isotopes of sulphur?. 

We have been able to demonstrate such an isotope 
effect for the natural isotopes chlorine-35 and 
chlorine-37. We allowed tert.-butyl chloride to react 
with silver nitrate in 98 per cent alcohol at room 
temperature and found that the chlorine-35 compound 
reacted faster than the chlorine-37 compound. Three 
experiments were carried out as follows. 

(1) The silver chloride formed by reaction of the 
first 30 per cent of the tert.-butyl chloride was isolated, 
the silver chloride formed from the remaining 70 per 
cent being rejected. (2) The silver chloride formed by 
total reaction of the tert.-butyl chloride was isolated. 
(3) The silver chloride formed by the reaction of the 
first 95 per cent of the tert.-butyl chloride was rejected 
and that from the last 5 per cent was isolated. 
Each of the three silver chloride samples was con- 
verted to chlorine gas by a procedure designed to 
avoid isotopic fractionation, and the isotopic com- 
position of the samples was determ- 
ined by mass spectrometry. The 
ratios of chlorine-35 to chlorine-37 
found were: (1) 3-104 + 0-003, (2) 
3-087 + 0:003 and (3) 3-019 + 
0-005. (The natural abundance 
ratio as measured by Nier* is 
3-07 + 0-03.) The relative rates 
of reaction for the two isotopically 
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distinguishable tert.-butyl chlorides, **k/*7k, were 
calculated first from the results of experiments (1) 
and (2) and secondly from the.results of experiments 
(2) and (3). The values thus obtained were 1-007 -- 
0-003 and 1-008 + 0-001. 
We hope to present a more detailed account of 
this work at a later date. 
RosaLtiE M. BaRrTHOLOMEW 
F. Brown 
M. LounsBURY 
Chemistry Branch, 
Atomic Energy of Canada Limited, 
Chalk River, Ontario. 
' For review articles, see Ropp, G. A., Nucleonics, 10, No. 10, 22 


(1952), and Bigeleisen, J., J. Phys. Chem., 56, 823 (1952). 
* Sheppard, W. A., and Bourns, A. N., Can. J. Chem., 32, 4 (1954). 
* Nier, A. O., and Hanson, E. E., Phys. Rev., 50, 722 (1936). 


Paper Electrophoresis of Strychnos 
Alkaloids 

In several recent publications, separation of the 
alkaloids of the South American Strychnos into a 
great number of constituents by paper chromato- 
graphy has been recorded’?. The most successful 
solvents for two-dimensional enalysis yield, however, 
almost the same sequence of spots. Thus it was 
considered desirable to find methods of separation 
which gave sequences different from those obtained 
by partition chromatography. 

Several authors have already used paper electro- 
phoresis for the separation of organic bases, the 
acridine compounds’ as well as some pairs of alka- 
loids*:®. Also some alkyl ammonium quaternaries, 
the functional group of which is common to all the 
Strychnos alkaloids, have been recently separated by 
one of us by paper electrophoresis®. 

Separation of the alkaloid chlorides of Strychnos 
trinervis prepared from soluble reineckates were 
effected: (i) with M/5 borax as electrolyte using 
Whatman No. 31 (extra thick) paper and a potential 
of 300 V. for one hour ; for this separation the paper 
was sandwiched between two glass plates as pre- 
viously described by one of us’ ; (ii) with 25 per cent 
acetic acid as electrolyte, also on Whatman No. 31 
extra thick paper with 300 V. for one hour, but 
employing the technique of Durrum‘. 

Both electrolytes produce fractionation into several 
bands. The fluorescent bands visible under ultra- 
violet light are shown in Figs. 1 and 2. Other bands 
may be revealed by using specific reagents for 
Strychnos alkaloids such as ceric sulphate solution’, 
cinnamic aldehyde and hydrochloric acid!*, ferric 
chloride, ete. 

The sequence of the bands is different in the two 
cases. Comparing the bands of the two eleciro- 
pherograms on the basis of the colorations with 
reagents and under ultra-violet light, it is possible 
to establish the presence and the position of some 
alkaloids such as C-calebassin, C-fluorocurin and 


C-alkaloid K, already detected in the same product 
by peper chromatography. 
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Since as many as eight to twelve bands can be 
detected by the various methods on a single electro- 
pherogram, a complete resolution of all the con- 
stituents may be feasible by carrying out a continuous 
electrophoresis with one of the two electrolytes 
followed by electrophoresis and/or paper chromato- 
graphy of the fractions obtained. 

G. B. Martni-BEetTToLo 
M. LEDERER 
Istituto Superiore di Sanita, 
Rome, 
and 
Institut du Radium, 
Paris. 
March 26. 
1 Klebrie, J., Schmid, H., Waser, P., 
Acta, 36, 345 (1953). 
? Adank, K., Bovet, D., eae) A., and Marini-Bettdlo, G. B., Gazz. 
Chim. Ttal., 83, 966 (1953). 
* Lederer, M., Anal. Chim. Acta, 6, 267 (1952). 
* Deckers, W., and Schreiber, J., Naturwiss., 40, 553 (1953). 
* Burma, D. P., Naturwiss., 41, 19 (1954). 
® Marini-Bett6lo, G. B., and Miranda, M., 
(in the press). 
7 Lederer, M., and Ward, F. L., Anal. Chim. Acta, 6, 355 (1952). 
* Durrum, E. L., J. Amer. Chem. Soc., 72, 2943 (1950). 
* Schmid, H., and Karrer, P., Helv. Chim. Acta, 33, 512 (1952). 
1° Wieland, Th., Ber., 85, 731 (1952). 


and Karrer, P., Helv. Chim. 


Rend. Ist. Sup. Sanita 


A New Spray Reagent for Paper Chromato- 
graphy of Polyols and Cetoses 

Various reagents for indicating polyols in paper 
chromatography have been proposed by Hough, 
Buchanan et al. and Hockenhull'. These reagents 
all have the disadvantage of reacting also with the 
sugars, not distinguishing them from the polyols. 

We have found a reagent which enables us to 
distinguish the polyols from the cetoses but does not 
reveal the aldoses. Just before use, one volume of 
1 per cent vanillin solution in ethanol is mixed with 
one volume of 3 per cent perchloric acid in water. 
This is sprayed on the previously dried chromato- 
gram, which is put in an oven at 85° C. for 3-4 min. 
Glycerol, erythritol, xylitol, arabitol, adonitol, man- 
nitol and sorbitol give, on a pale sandy background, 
spots going from pale blue to lilac pink, then all 
swiftly turning to pale grey-blue. Inositol, dihydroxy- 
acetone, the aldopentoses and the aldohexoses do not 
react, except rhamnose, which gives a brick red spot. 
Sorbose and fructose give a very deep grey-green 
spot, easily distinguished from that of the polyols. 

The limiting amounts of these substances which can 
be identified are: 0-005 mgm. for the cetohexoses, 
0-015 mgm. for the hexitols, 0-020 mgm. for rhamnose 
and the pentitols, 0-025 mgm. for erythritol and 
0-03 mgm. for glycerol. 

The phenols and some indolic compounds react 
also with this reagent, which explains why it cannot 
be employed when using phenol or cresol as chromato- 
graphy solvent. Similarly, it cannot be used for some 
acids, especially malonic and gluconic acids, which 
give the same tint as the polyols. Acid and basic 
substances must be removed by suitable ionic resins 
before polyols can be identified by this reagent. 

PavuL GopIN 
(Chargé de Recherches du F.N.R.S.) 
Institut Agronomique, 
Université de Louvain. 
March 28. 
1 Buchanan, J. G., Dekker, C. A., and Long, A. G., J. Chem. Soc 


3162 (1950). Hockenhull, D.J. D. , Nature, 171, 98° (1953). Hough, 
L., Nature, 165, 400 (1950). 
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Odour and Molecular Vibrations 


Dyson’s' hypothesis correlating odour specificity 
with molecular vibration has recently been ates ded 
by Wright? to frequencies below about 700 em.-. Tn 
this region he claims to have found a statisti ully 
significant correlaticn for sixteen compounds with an 
almond-like odour, all but one (nitrothiophene) b. sing 
benzene derivatives. 


Nitrobenzene 
Nitrothiophene 
Benzonitrile 
Butyronitrile 
Methyl carbamate 


Ethyl carbamate 


100 200 300 409 600 3800 
Wave number (cm.~") 


Our recent infra-red studies have included the 
aliphatic urethanes, the first member of which, 
methyl carbamate, possesses a distinct almond odour. 
Its Raman* and infra-red frequencies are shown 
above together with those of ethyl carbamate and 
the four spectra depicted by Wright. The spectrum 
of methyl carbamate bears a closer similarity to the 
spectra of the ‘almond-like group’ than the spectrum 
of butyronitrile does, in spite of the fact that the 
seemingly characteristic frequency at 170 cm.-' is 
absent. Due to the lack of a suitable prism, we were 
unable to extend our investigations to this region ; 
it also appears that the Raman studies were not 
extended as low as this, so that it is quite possible 
that methyl carbamate possesses this vibration and 
a search for such a frequency would be worth while. 

On the other hand, the spectrum of ethyl carbamate 
also shows a similar resemblance to the ‘almond-like 
group’ yet has no trace of such an odour, being in 
fact almost odourless. 

These observations emphasize the necessity for a 
much more detailed survey, covering several groups 
of compounds of different odour, as suggested by 
Dyson‘. Due to the sparse data in the region below 
700 cm.-* it would seem that some long time must 
elapse before such a comprehensive survey can be 
attempted and a reasonable foundation for a mole- 
cular vibration theory of odour obtained. 

This work was carried out at the Edward Davies 
Chemical Laboratories, University College, Aberyst- 
wyth, by kind permission of Prof. C. W. Davies. 

H. E. Hattam 
University College of Khartoum, 
Khartoum. May 4. 
1 Dyson, G. M., Perf. Essent. Oil Record, 19, 456 (1928) ; 
Chem. and Indust., 16, 647 (1938). 
* Wright, R. H., Nature, 178, 831 (1954). 
* K6éhirausch, K. W. F., and Pongratz, A., Z. phys. Chem., B 27, 176 

(1934). Wagner, J., Z. phys. Chem., B 48, 333 (1939). 

* Dyson, G. M., Nature, 178, 831 (1954). 


28, 13 (1937); 


Indirect Effect of Ultra-Violet Light on 
Skin Blood Vessels 


Ir is known that the ultra-violet wave-lengths 
responsible for producing vasodilatation or erythema 
penetrate only a short way into human skin!»?. These 
studies, however, do not by themselves exclude a 
direct action of ultra-violet light on the blood vessels 
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as the cause of the characteristic erythema, for they 
have shown that a small fraction (up to 20 per cent) 
of these wave-lengths is able to penetrate through 
the avascular epidermis to the vascular corium. 
Further evidence that the effect of ultra-violet light 
on the skin blood-vessels is an indirect one would 
therefore seem of interest. 

The following experiment was carried out. In each 
of six normal female subjects aged nineteen to twenty- 
three, three skin sites were marked out close together 
on the lower part of the back. Histamine was intro- 
duced into two of these three areas by iontophoresis ; 
the anode (7-25 sq. cm.) of a d.c. circuit was applied 
to four layers of filter-paper soaked in a 10-4 gm./ml. 
solution of histamine, the cathode being a large pad 
of lint soaked in water and applied to the thigh. A 
current of 0-5 m.amp. was passed for 10 min. At the 
end of this time the skin was whealed and flared. 
Into one of the wheals a 2-5 per cent solution of 
tripelennamine hydrochloride (*‘Pyribenzamine’, Ciba) 
was injected. All three sites were then exposed to 
ultra-violet light from a Kromayer lamp at contact 
range for 30 sec. The sites were inspected 24 hr. 
later. It was found that in each subject all three 
areas—control, whealed, whealed and injected with 
tripelennamine—showed a similar and normal sun- 
burn response. 

It is known that wheal fluid has a protein content 
similar to that of serum*. It is also known that serum‘, 
serum albumen® and tripelennamine hydrochloride*® 
all strongly absorb the ultra-violet wave-lengths 
responsible for producing erythema. In the present 
experiment histamine was introduced into the skin 
by iontophoresis in order to involve the superficial 
blood vessels in a wheal and so provide them with a 
surrounding screen of serum-like fluid. An attempt 
was made to reinforce this screen in one of the two 
whealed areas by injecting tripelennamine hydre- 
chloride into the wheal fluid. In spite of these 
screens, the development and appearance of vaso- 
dilatation following irradiation. with ultra-violet light 
was quite normal. These observations supply further 
evidence that the ultra-violet wave-lengths responsible 
for vasodilatation act primarily on the epidermis and 
not directly on the blood vessels. 


M. W. ParTINGTON 


Depts. of Physiology and Physical Medicine, 
The London Hospital, E.1. 
April 3. 


‘Bachem, A., and Reed, C. J., Amer. J. Physiol., 97, 86 (1931). 
‘Hansen, K. G., Acta Radiol., Supp., 71 (1948). 
* Lewis, T., “The Blood Vessels of the Human Skin and their Responses” 
(Shaw, London, 1927). 
‘Eidinow, A., Brit. Med. J., ii, 160 (1927). 
Lucas, N. S., Biochem. J., 25, 57 (1931). 
*Kline, R., and Baer, R. L., J. Invest. Dermat., 10, 397 (1948). 


Structures of Native and Mercerized 
Celluloses 


In Nature of February 13, p. 298, Sen and Roy 
report new equatorial reflexions in the X-ray diagrams 
of native and mercerized celluloses; the corre- 
sponding mean spacings are 13-6 A. for native, and 
14-4 A. for mercerized, cellulose. Similar extra 
reflexions have been reported from time to time, 
but they have always been found to be spurious, in 
the sense that they were not due to diffraction of 
the characteristic radiation that was employed. They 
may even appear when supposedly monochromatic 
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radiation, obtained by reflexion from a crystal, is 
used, if precautions are not taken to eliminate 
radiation with a wave-length half that of the selected 
radiation. However, a commoner cause of spurious 
reflexions is the diffraction of certain components of 
the ‘white’ radiation present in the X-ray beam when 
unfiltered or filtered radiation is used*-*. 

The most complete study of this phenomenon is 
that of Sisson, Clark and Parker*, who showed that 
the effective components of the ‘white’ radiation 
have wave-lengths coinciding with those of the silver 
and bromine absorption edges. These workers had 
previously observed spots in the X-ray diagrams of 
native and mercerized celluloses that corresponded 
to apparent spacings of 13-4 A. and 14-2 A. respect- 
ively, and they were able to demonstrate that these 
spots were, in fact, silver absorption edges. Their 
observations and conclusions have been confirmed in 
these laboratories, and silver absorption edges that 
could be mistaken for Ka reflexions have also been 
observed in X-ray photographs of nylon, ‘Orlon’ and 
silk. 

Sen and Roy state that their X-ray photographs 
were taken ‘‘under various conditions of prevailing 
humidity, intensity and purity of radiation (including 
monochromatic radiation)’; they thus imply that 
the new reflexions were obtained even when mono- 
chromatic radiation was employed ; but they give 
no details about the method used to obtain such 
radiation. There is nothing in their communication 
to suggest that they gave special consideration to 
the possibility that these reflexions might be spurious, 
and until this possibility has been fully tested it 
would be premature to conclude that the accepted 
structures of native and mercerized celluloses require 
revision. 

3. O. WARWICKER 


British Cotton Industry Research Association, 
Shirley Institute, 
Didsbury, Manchester. 
Feb. 26. 

1 Sauter, E., Z. Phys. Chem., B, 35, 83 (1937). 
* Kiessig, H., Z. Phys. Chem., B, 43, 79 (1939). 
5 Weissenberg, K., Naturwiss., 17, 181, 624 (1929). 
* Burgeni, A., and Kratky, O., Z. Phys. Chem., B, 4, 401 (1929). 
5 Mark, H., and Susich, G. v., Z. Phys. Chem., B, 4, 431 (1929). 
* Sisson, W. A., Clark, G. L., and Parker, E. A., J. Amer. Chem. Soc., 

58, 1635 (1936). i 


THE article by M. K. Sen and 8. C. Roy in Nature 
of February 13, p. 298, invites the following 
comments : 

(1) A reflexion at 20 ~ 6° which, if it resulted 
from copper Ka radiation, would correspond to a 
Bragg spacing of ~ 14 A. is sometimes observed in 
X-ray photographs of cellulose (I, II, III or IV) when 
nickel-filtered radiation is used; but it is never 
observed with strictly monochromatic radiation 
(assuming that the cellulose is free from foreign 
matter having a spacing of this value). 

(2) The intensity of this reflexion relative to (002) 
copper Ka does not apparently depend upon whether 
the specimen is wet or dry, but is very sensitive 
to the particular copper anode in use at the 
time (demountable X-ray tube), being normally 
zero. 

(3) The position of this reflexion is slightly different 
for each of the cellulose structures I, II, III and IV, 
and in every case is such that it would result from 
the reflexion of radiation of wave-length ~ 0-47 A. 
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from the strongest plane(s). The two strong planes 
(002), (101) of cellulose IT are not resolved at 20 ~ 6° 
in the X-ray cameras generally employed for fibre 
work (excepting low-angle cameras), so that in all 
cases the extra reflexion appears single. 

(4) With the tube conditions which produce a 
reflexion from cellulose at 26 ~ 6°, a reflexion is 
obtained from other substances, for example, from 
graphite at 20 ~ 8°, again corresponding to a wave- 
length of ~ 0-47 A. 

It can only be concluded that the reflexion at 
20 ~ 6° provides no justification whatsoever for 
revision of the unit cells of any or all cellulose 
structures. 

H. J. WELLARD 


British Rayon Research Association, 
Barton Dock Road, 
Urmston, 

Nr. Manchester. 

March 2. 


THE occurrence of an equatorial reflexion of 
spacing about 15 A. in the X-ray photograph of jute 
has been observed consistently in this Laboratory 
over a period of more than six years. The following 
observations indicate that this reflexion is not 
spurious in the sense claimed by Warwicker and 
Wellard. 

(1) It appears on photographs taken with radiation 
monochromatized by reflexion in calcite, using a line 
slit. 

(2) It appears in photographs taken with nickel- 
filtered copper radiation from an X-ray tube run at 
22 kVp., which is below the excitation voltage of 
0-47 A. radiation. 

(3) In photographs taken with filtered radiation 
(30 kVp.) and with a sheet of aluminium 0-3 mm. 
thick interposed between two photographic films, it 
appears on the first film but not on the second, on 
which the white radiation alone is recorded (trans- 
mission at 0-5 A. about 86 per cent for 0-3 mm. 
aluminium). 

(4) We have observed. the reflexion using an 
experimental Geiger—Miiller spectrometer (filtered 
radiation). 

(5) We have observed consistently that the 
intensity of the reflexion in jute depends on the 
humidity in the way described by Sen and Roy. 
The changes of intensity are, by visual estimation, 
much greater than can be ascribed to the effect 
reported by Legrand, who found (002) to be rather 
stronger for wet than for dry specimens. 

(6) In our experience (and here we differ from Sen 
and Roy), the reflexion does not occur in ramie 
photographs taken under the same conditions as the 
jute photographs referred to above, although the 
(002) reflexion in ramie is at least as intense as, and 
is certainly sharper than, that of jute. We have 
evidence, at present inconclusive, that degradation 
of ramie fibres may, in certain circumstances, lead 
to the appearance of this reflexion or one of similar 
spacing. 

H. J. Woops 


Textile Physics Laboratory, 
Department of Textile Industries, 
University, 


May 17. 
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Conductivity induced in Polytetrafluoro- 

ethylene by X-rays 

In the course of further measurements of con. 
ductivity induced in insulating materials by X-ray s!.1, 
we have investigated polytetrafluoroethylene, and 
find a relatively large induced current with a very 
long time constant. A small cylindrical condenser 
2-5 cm. long with polytetrafluoroethylene as the 
dielectric medium was used in a vacuum chamber for 
the measurements during irradiation. The current 
(down to 10-1 amp.) was measured with a Baldwin 
‘Tonex’ Mk3 d.c. amplifier. The X-rays were gener. 
ated at 220 kVp., with a half-value layer of 1-7 mm, 
of copper. 

Dose-rate dependence. The equilibrium induced 
current ¢ is related to the dose-rate R by the general 
relationship : 

fot | gee 
where A is a characteristic of the material. For 
polytetrafluoroethylene over the range R = 2 to 
65 r./min., and between 20° and 110° C., we find 
A = 0-63 + 0-08, with the higher values at the 
lower temperatures. This is in contrast to ‘Perspex’? 
and some specimens of amber, for which A = !-0, 
but compares with polythene*’, for which A = 0:8, 

Such a value of A leads us to postulate an expon- 
ential distribution of traps below the conduction 
band for polytetrafluoroethylene, using Rose’s model 
of electron trapping*. Quantitative predictions can 
also be made of the temperature-dependence of 
induced current. 

Temperature dependence. Fig. 1 shows the curves 
of log conductivity of polytetrafluoroethylene plotted 
against 1/7’°K. The relationship is of the usual form': 


o = 6, exp(— W/kT), 


giving a straight line the slope of which is a measure 
of W. 

Curve a in Fig. 1 is for the ‘static conductivity’ 
(that is, with no incident radiation; the specimen 
had, however, received a total dose of 10*-10* r. some 
months previous to these experiments). This slope 
gives W = 1°1 eV. 

Curve 6 is for the equilibrium induced conductivity 
under X-irradiation, at R = 7 r./min. The slope in 
this case corresponds to W = 0-5 eV. 

From this slope, it can be seen that the induced 
current increases by 2 factor of 50 between 300° and 
400° K. The corresponding increase predicted using 
Rose’s model of an exponential distribution of traps, 
with A = 0-63, is by a factor of 30. The agreement 
is fair, and would be improved by taking a slightly 
higher value for the number of available energv- 
states in the lowest levels of the conduction 
band. 

A further demonstration of the applicability of 
this model is provided by the variation of A with 
temperature. If A = 0-63 at 65° C., then calculation 
predicts A = 0-60 at 110°C. and A = 0-66 at 20° C. 
A. systematic variation of A was in fact observed, 
with A = 0-55 at 110° C. and A = 0-71 at 20° C. 
The measured variation is somewhat greater than 
the predicted variation ; but this is probably because 
the experimental accuracy is rather low with such a 
small specimen. 

Decay of induced current. The time-constant of 
decay varies slowly with temperature, showing the 
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10°/T (7 in ° K.) 
Fig. 1 (a). Without incident X-rays; (6) during irradiation 
same general features as for polythene: at tem- 
peratures below 50° C., the current falls at first more 
rapidly, but after a few minutes more slowly, than 
at higher temperatures, so that complete decay takes 
longer at the lower temperatures. The time-constant 
decreases with increasing dose-rate. After a few 
minutes, the remaining current is inversely pro- 
portional to time, as for polythene. The magnitude 
of the time-constant is large. For example, the 
current induced in polythene at 80° C. falls to a 
tenth of its initial value in 5 min., and to a hundredth 
in 25 min., whereas for polytetrafluoroethylene the 
fall to a tenth takes 6 hr. at the same temperature 
and dose-rate. 

Comparison with other materials. The conductivity 
induced in polytetrafluoroethylene by X-rays is less 
than that induced in polythene under the same 
conditions by a factor of ten. Nevertheless, the fact 
that the time-constant of recovery is much longer in 
polytetrafluoroethylene means that, so far as materials 
for ionization chambers are concerned, polythene and 
polytetrafluoroethylene are about equally undesirable. 
The induced conductivities in ‘Perspex’ (both red 
and colourless) and in some specimens of amber (for 
which we found A = 1) are less than that in poly- 
tetrafluoroethylene by a factor of ten, and in addition 
the time constants of recovery are very much shorter. 
This contrasting behaviour is likely to be a result of 
the different trap distributions. 

Warner pointed out in 19495, from the expected 
complexity of molecular branching in polytetra- 
fluoroethylene, that large induced conductivities 


' would probably be observed under X- and y-irradia- 
| tion. Our results confirm this. 


Liversage* has investigated the behaviour of 


polytetrafluoroethylene ionization chambers under 


His information is too incomplete to cor- 


X-rays. 
but his general 


relate with the present results ; 


' conclusions concerning this compound were the same : 


the insulating properties are seriously impaired by 
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radiation in doses (and, we would add, at dose-rates) 
which leave amber relatively unaffected. 


J. F. FowLer 
F. T. FARMER 
Royal Victoria Infirmary, 
Newcastle upon Tyne 1. 
April 9. 
1 Fowler, J. F., and Farmer, F. T., Nature, 171, 1020 (1953). 
* Fowler, J. F., and Farmer, F. T., Nature, 178, 317 (1954). 


* Mayburg, S., and Laurence, W. L., J. App. Phys., 23, 1006 (1952). 
Coleman, J. H. (private communication). 


* Rose, A., R.C.A. Rev., 12, 362 (1951). 


* Warner, A. J., Signal Corps Eng. Labs. Radiac Symposium (Federal 
Telecommunication Labs., Inc., New Jersey, Sept. 1949). 


‘Liversage, W. E., Brit. J. Rad., 25, 434 (1952). 


Photographic Recording of Cathode Ray 
Tube Traces 


WHEN recording oscillograms by means of a camera, 
it is desirable to photograph at the same time the 
scale markings engraved on the oscilloscope graticule ; 
if the graticule includes scales of distance along the 
two axes, direct measurements may then be made on 
a subsequent enlargement. It is also necessary to 
have some positive means of identification for each 
oscillogram, and the best method is one which allows 
the relevant data to be photographed at the same 
time as the cathode-ray tube trace. 

A popular method of illuminating a ‘Perspex’ 
graticule is by means of edge-on lighting, but this 
does not provide any means for photographing, say, 
@ written note, about the phenomenon to be recorded. 
To do so usually involves the use of ambient lighting, 
causing a loss of contrast which may not be permis- 
sible if the intensity of the trace is low. 

A simple method by which it has been found 
possible to secure satisfactory illumination both of a 
graticule and a small slide of relevant data is by 
mounting two indicator bulbs behind the plane of 
the cathode-ray tube face, and over the gap between 
the internal graphite shield and fluorescent coating. 
This allows light to shine into the tube itself and 
upon the inside surface of the screen. The phosphor 
causes diffusion of the light, and possibly some 
fluorescence, resulting in an even illumination of the 
screen, graticule and small glass slide. This slide, 
which is ground on one side, is supported close to 
the tube face. Details of the oscillogram written on 
the slide in pencil can be clearly seen in the photo- 
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graph (Fig. 1), and the visibility of even a faint trace 
is little affected by the illumination. 
F. B. Cope 


Standard Telephones and Cables, Ltd., 
North Woolwich, 
London, E.16. 
May 27. 


Unusual Doubling of Spectral Lines 


WHEN we were taking spectra of a high-frequency 
operated interrupted a.c. arc with the Zeiss auto- 
collimation camera (Férsterling set of 3 prisms, f = 
1,300 mm.), a doubling of spectral lines was observed. 
The distances of the components increase with in- 
creasing refractive indices n and decreasing 2. It was 
ascertained that the trouble was due to oscillations of 
the prisms, which were in perfect synchronization as 
to period and phase with the cycles of the light source. 
These oscillations were caused by the vibrations of 
the housing of the arc source, which was placed too 
near the support of the spectrograph. 

Such an explanation, however, seemed at first 
inconceivable, as differential deviations caused by 
oscillating prisms at minimum deviation should be 
zero for the region of the minimum rays and very 
inconspicuous in the other parts of the spectrum. 
But since there is also a Pellin—Broca prism of con- 
stant deviation in the prism set, things turned out 
rather differently. The reason for the difference is 
that the variation of the deviation $ with the varia- 
tion of the incident angle «, is different for ordinary 
prisms and for Pellin—Broca types, namely, 


ds 
da, 


where the plus sign holds for ordinary prisms and 
the minus for the Pellin—Broca type (a, being the 
angle of the outgoing ray). The differential quotient 
da,/d«, is found to be 


da. 


cos «, cos 8, 
da, 


~ @0s 8; COs a,’ 


8, and 8, being the refracted angles within the prism. 
This quotient is equal to — 1 for the ray of minimum 
deviation, and equal to a quantity A, = f(y, no, An) 
for rays the index of refraction of which differs from 
that of the minimum deviation (n,) by An. We found, 
approximately, 


da, . ‘I 
Ge, ~~ Fete ~~ * 
2 sin* y/2 (1 — n,*) 
N_ cos* y/2 (1—n,? sin? y/2)’ 





C.. = 


y being the refracting angle of the prism, and n, the 
refractive index of the ray which is at minimum 
deviation. For 60° prisms C, reduces to 


8(1 — n,?) 
Co = Sngd— n')’ 
A, holds only for a single prism. If there are several 
prisms of the same refracting angle and the same 
material, then for the prism k 
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1 
4, = (7-1) 0kn 

For calculating the amplitude of the prism «sila. 
tion from the displacements of the spectral lines only 
the region of the A, of the minimum deviation has 
to be considered. In addition, only prisms of con. 
stant deviation give a contribution to the effect jn 
the sense that 





dd = 2de,. 
In the present case these amplitudes range between 
3-5” for the original position of the arc source when 
the effect was first observed, to about 8-5” for a 
position where the housing of the generator was 
purposely pressed against the support of the spectro. 
graph. 
A fuller account will be published in Ricerche 

Spettroscopiche. 

J. JUNKES 

E. W. SALPetTer 


Astrophysical Laboratory, 
Vatican Observatory, 
Castel Gandolfo. 
March 7. 


A Graphical Method of analysing 
Creep Curves 


Tue retarded elastic extension of a high polymer 
under load can be represented by a series of Voigt 
elements, each consisting of a spring and dashpot in Ff 
parallel. With each element is associated a retardation ff 
time, and a series of Voigt elements therefore gives ff 
rise to a spectrum of retardation times. This spectrum [ 
can be obtained from a creep curve by a method due F 
to Alfrey'. In his method the extension is plotted [ 
against log-time, and the slope of this curve when 
plotted against log-time gives a close approximation ff 
to the spectrum. 

When applying Alfrey’s method to some creep 
curves of polyester, it was found that the spectra 
obtained were similar in outline to a Gaussian curve, 
confirming a suggestion by Weichert? that such a 
distribution of retardation times explained satis. 
factorily the creep curves of some rubbers. The 
graphical method of analysis described below still 
uses the assumption of a Gaussian log-normal dis. 
tribution, but eliminates the need for tedious 
graphical differentiation and numerical calculations. 
It provides a simple way of evaluating the three 
constants involved and has been used to analyse the 
creep curves of polyesters, polyisobutylene, polythene 
and other high polymers. In all cases the experimental 
curves lie very close to those that can be calculated F 
using the values of the three constants. ' 

Applying Alfrey’s method to a creep curve and fF 
assuming the resulting distribution to be Gaussian f 
when plotted on a log-time scale, then it can bef 
shown that 


se 


~ exp — (A log +y, 


- = 


where y is strain, ¢ is time, tm is maximum of the ff 
Gaussian curve, h is 1/2 o, o is standard deviation [ 
of the Gaussian curve and c is a constant. § 

When integrated from ¢t = 0 to t = ¢ this gives: | 


y = c/2 (1 + erfh log t/tm), 
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Master curves 


the positive sign referring to t > tm, the negative 
sign to t < Tm. 

It will be observed that when ¢ is infinite then 
y = c, and hence c is termed the equilibrium strain. 
A creep curve with no instantaneous extension and 
no viscous flow is therefore analysed in terms of three 
constants, namely, the equilibrium strain (c) for a 
given stress, the modulus of precision (h) of the 
retardation time spectra and the most common 
retardation time present (t») in the deformation. 

It has been found possible to develop a simple 
graphical method for the evaluation of the three 
constants. If ¢ is expressed in terms of tm, then a 
change in tm results in a change in the time-scale of 
the experimental curve and moves a plot of y against 
log ¢ along the time axis with no change in shape. 
Similarly, if y be expressed in units of c/2 and log y 
is plotted against log ¢, then a change in c will move 
the curve along the extension axis with no chan e of 
shape. The shape of the curves of log y against log ¢, 
therefore, will be independent of both tm and c and 
will be determined entirely by h. It is therefore 
possible to produce a set of master curves (Fig. 1) 
having the general equation : 


log « = log(1 + erf h log 8), 


where a = 2y/c and 6 = t/tm. 

The experimental curves when plotted as log- 
strain against log-time will have a close fit in one and 
one only of the curves, provided the distribution of 
retardation times can be satisfactorily described as 
‘Gaussian log-normal’. This has been found to be the 
case with many types of polymers. 

The general procedure for analysing experimental 
curves is as follows. The extensions are taken from 
the experimental curve at twenty to thirty points 
logarithmically distributed along the time axis. A 
plot is then made on tracing paper of log-strain 
against log-time, using the same scale axes as for the 
master curves. The unique position of this curve on 
the master set is then determined and the position 
of the point (log « = 0, log 8 = 0) is noted as well 
as the value of h. When log « = 0, « = 1, and 
therefore the strain is c/2, and also log 8 = 0 and 
hence the time is tm. Both these values are read off 
from the experimental axes. 
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With an experimental curve extending over three 
decades of time, 2-3h is determined correct to at 
least 5 per cent, which causes tm to change by a 
factor of about 2 while the equilibrium modulus 


changes by + 74 per cent. 
A. J. ELLEMAN 


Imperial Chemical Industries, Ltd. 
(Paints Division), 
Wexham Road, 

Slough, Bucks. 

Feb. 25. 


1 Alfrey, T., ‘Mechanical Behaviour of High Polymers”, 556 (Inter- 
science Pub., 1948). 
* Weichert, E., Ann. phys. Chem., 50, 335 (1893). 


A Statistical Method of estimating the 
Periods of Incubation and Infection of an 
Infectious Disease 


CERTAIN infectious diseases are supposed to have 
relatively constant incubation periods with short 
intervals of high infectivity. Greenwood! studied an 
idealized model, having a fixed incubation period and 
point-infectivity. He showed that a single primary 
case in a small family group of susceptibles would 
lead to a chain of binomial distributions of new cases. 
With measles, the observed distribution of the total 
size of family epidemics agreed closely with that 
predicted by the theory. Later, Wilson et al.?, 
analysing new data with respect to the actual links 
of each chain, obtained only poor fitting of theory 
to observation. Following a hint of Greenwood’s*, 
Bailey‘ showed that satisfactory agreement could be 
restored by introducing a suitable distribution for 
the chance of infection in different families. 

There has, however, always been difficulty in the 
‘chaining’ of data, partly because the intervals 
between successive cases are liable to show appreci- 
able variation, and partly because of the occurrence 
of multiple primaries. Some data had to be rejected 
before neat chains could be exhibited. An attempt 
has therefore been made to find a more realistic 
model of the process of infection, particularly one 
which would take account of the time-intervals 
between successive cases and which would not ignore 
parts of the data. 

Attention was first turned to families with only 
two susceptibles, one of which was the index case. 
In some families this would be the only case; in 
others there would be a second case. Excellent 
detailed records of the right kind have been collected 
by Dr. R. E. Hope Simpson, of the Cirencester Public 
Health Laboratory Service’. Thus, in 264 families 
with two susceptible children under the age of 
fifteen, and at least one case of measles, 45 families 
had a single case, while for the remaining 219 the 
time-interval distribution between the two cases is 
shown in Fig. 1. 

The distribution in Fig. 1 falls into two distinct 
parts: that marked A, which is presumably due to 
two primary cases, both infected from a single out- 
side source ; and B representing infection within the 
family. Consider the hypothesis of a variable 
incubation period, at the end of which there is a 
very short period of infection followed by the 
appearance of symptoms. The variance, v, of the 
curve B measures the variation of the incubation 
period. Curve A is the distribution of the difference, 
without regard for sign, between two incubation 
periods commencing at the same instant. The second 
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Fig. 1. Distribution of time-interval between two cases of measles 
in 219 families with two susceptibles 


moment, V, of this distribution about the origin 
should therefore be 2v. It is a striking fact that in 
Fig. 1 V is only about 3v. A new hypothesis is 
necessary. 

Suppose now that after infection there is a latent 
period which is normally distributed with mean m 
and variance o*, and that it is followed by an extended 
period of infection of constant length a, after which 
symptoms appear. Following Hope Simpson‘, the 
incubation period is then constituted by the latent 
period plus the period of infection. When there is a 
single primary case, let the chance of the second 
susceptible being infected in time dt, during the 
period of infectivity of the first case, be Adt. Let 
there be a total of N families. A of these have double 
primaries, and lead to curve A, for which we thay put 


V = 20°. (1) 


B families have two cases, a primary and a secondary. 
The infection of: the second case by the first occurs 
as a Poisson process operating over the limited time 
a, and this adds a variable time to the latent period 
to give the time-interval distribution of curve B. It 
can be shown that equating the mean z, and the 
variance, v, of B, to their population values, gives 
the equations : 


zZ=m+27 — a/{exp (a) — 1}, (2) 
and 
v =o? + 4° — a? exp (Aa)/{exp (Aa) — 1}*. (3) 


Finally, let there be C families with only one case- 
Setting this number equal to its expectation in the 
(B + C) families without a double primary yields: 


C\(B + C) = exp (— 2a). (4) 
We can most easily solve successively for 4, a, m 


and o from the following equations, which are derived 
from (1)-(4), 


=f 





C(B + C) 

- Sa Gopi’ -a¥) ©) 
a = 2 log(1 + B/C), (6) 
m =z — 2-1 + aC/B, (7) 
o = Viv. (8) 
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Expressions for the standard errors are available 
but are tedious to write down here. © Arbitrarily 
separating the distributions A and B by the vertical 
dotted line shown in Fig. 1, we find that for thege 
data the mean and standard deviation of the dig. 
tribution of the latent period are 9-52 and 1-32 days, 
while the period of infectiousness, a, is 3-84 days and 
2 is 0-43. Thus the incubation period has mean and 
standard deviation 13-36 and 1-32 days. 

A more sophisticated treatment is by using the 
method of maximum likelihood, which provides 
efficient estimates, together with their standard 
errors, and a measure of the goodness-of-fit. It also 
enables us to dispense with an arbitrary assignment 
of border-line observations to curves A or B. It 
is intended to describe this work more fully else. 
where, and to include extensions to families with 
more than two susceptibles. 

Norman T. J. Battery 


Nuffield Lodge, 

Regent’s Park, 

London, N.W.1. 
April 1. 


1 Greenwood, M., J. Hyg. Camb., 31, 336 (1931). 

* Wilson, E. B., Bennett, C., Allen, M., and Worcester, J., Proc. Amer. 
Phil. Soe., 89, 357 (1939). 

* Greenwood, M., Biometrika, 36, 1 (1949). 

* Bailey, N. T. J., Biometrika, 40, 279 (1953). 

5 Hope Simpson, R. E.,” Lancet, ii, 549 (1952), and private com- 
munication. 

¢ Hope Simpson, R. E., Lancet, ii, 755 (1948). 


Determination of Sour Orange Rootstock 
by Paper Chromatography 


‘Quick decline’, a devastating virus infection of 
orange trees, was first found to be present in southern 
California in 1939, and by 1952 it had spread to six 
of the fourteen counties in which oranges are grown 
in California. Inoculation tests' demonstrated that 
tolerance to the virus varies with the variety of the 
rootstock on which the sweet orange is growing, and 
that the disease is likely to be fatal only if the root- 
stock is that of the sour orange (Citrus aurantium L.,). 
Because of this scion-rootstock relationship to the 
seriousness of the disease, which in one form or another 
is widely spread throughout the citrus-growing areas 
of the world, a method for the detection of the sour 
orange rootstock in established orchards is of con- 
siderable significance. 

In this study more than 2,400 ascending and 
descending chromatograms were made of ten varieties 
of citrus seedlings, and nine varieties of rootstocks 
budded with valencias and the same nine budded to 
navel oranges. The ten varieties of seedlings were 
the Palestine sour, Wolf sour, bittersweet, Robbins 
grapefruit, Robbins sweet, Wieland rough lemon, 
Cleopatra mandarin, tangelo (variety ?), Troyer 
Citrange and Rubidoux trifoliate orange. The 
varieties of rootstocks budded to valencias and navels 
which were planted in 1927 included the Brazilian 
sour, Rubidoux sour, Duncan grapefruit, Koethan 
sweet, rough lemon, Cleopatra mandarin, Sampson 
tangelo, Troyer citrange and trifoliate orange. 

Fresh pieces of the entire thickness of the bark, 
approximately one-eighth of an inch square, are cut 
from the roots that are to be tested. The pieces 
are placed cambium side down on Whatman No. | 
filter paper and are mashed or struck with a hammer 
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Fig. 1. Chromatograms of seven varieties of seedling citrus root- 
stocks, from left to right: Troyer citrange, Trifoliate orange 
(Rubidoux), Cleopatra mandarin, Sour (Palestine), Sour (Wolf), 
Sweet (Robbins), Grapefruit (Robbins). The solvent was n- 
butanol — acetic —- water mixture. The chromatograms were 
sprayed with ninhydrin, photographed with long-wave ultra- 
violet light on Plus. ¥ film and Wratten K2 filter 
in order to squeeze out the juices of the bark; or an 
elution of the bark may be made in the butanol 
mixture described later and drops of it placed on the 
filter paper. This is of particular value when working 
with the small roots of seedlings?. 

Of the twenty-six different solvents that were 
tested, the most satisfactory one is the organic phase 
of a mixture of 4 parts of normal butanol, 1 part 
glacial acetic acid, and 5 parts of water. After the 
solvent has ascended six or seven inches, the paper 
is dried and sprayed with a 0-2 per cent solution of 
ninhydrin in 95 per cent ethanol. The colour is 
allowed to develop for 24 hr. 

Under a long-wave ultra-violet lamp (3600 A.) the 
ninhydrin-sprayed chromatograms of the sour orange 
rootstocks show a yellowish fluorescent, ‘flame-like’ 
spot with an Rr value of approximately 0-50. Fig. 1 
shows the chromatograms of seven seedling rootstocks. 
The fourth and fifth ones from the left are those of 
two varieties of sour orange. Commercial rootstocks 


Table 1 





Quality of ‘flames’ | 
on Whatman hag 1| 
Solvent filter pa 
when spray ary ‘with 
_hinhy drin | 
n- Propyl (2) : 5 per cent ammonium 
hydroxide (1) 
n-Propyl (70) : 
water (10) 
iso-Propyl (2) : 
_ hydroxide (1) 
iso-Propyl (70): 
water (10) 
n-Butyl (4) : 
(5 


None 
glacial acetic (15): 
Hazy 
5 per cent ammonium 
None 
glacial acetic (15) : 





Hazy 
glacial acetic (1): water | 
Very good 
Very good—equal 


n-Butyl (4): propionic acid (1) : 
or better than 5 


water (5) 

n-Butyl we Ad 25 of (10 con. formic 
1,500 w Good 

n- Butyl (a0): 25 of (10 con. hydro- 
chloric + 3,000 water) 

8ec.- aaa (4): glacial acetic (1) : 
water 

iso- "Buty! ta): glacial acetic (1) : 
water (5) 

tert.-Butyl (70) : con. formic (15) : 
water (10) 

tert.-Butyl | ad glacial acetic (15) : 
water (1( 

Amy] (4): glacial acetic (1) : water (5) 


Fair 
Fair 
Good 


All rootstocks 
appear similar 


lazy 
small Rr 


I 

Poor ; 
values 

Nothing 





Octyl (4) : glacial acetic (1) : water (5) - 
Butyl acetate (4) : glacial acetic (1): 
water (5) 





Nothing 








* Mixture separates ; only the top phase is used 
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of citrus trees that are not ‘sour’ do not give the 
‘flame reaction’. 

Table 1 shows that the three four-carbon, water- 
insoluble butyl alcohols (namely, n-butyl, sec.-butyl 
and iso-butyl) give the ‘flame reaction’ with sour 
orange rootstocks. Tert.-butyl, which is water- 
soluble, produces a haziness in the ‘flame’ area with 
acetic acid, and when formic acid is used all root- 
stocks have similar and indistinctive chromatograms. 

‘Sour’ rootstocks form ‘flames’ with the organic 
phase of n-butyl alcohol — water mixtures when the 
pH is adjusted between 2-4 and 3-0 with a number 
of acids -including acetic, propionic, formic and 
hydrochloric. 

This method makes it possible to determine which, 
if any, of the trees in a citrus orchard are growing 
on sour orange rootstock, and therefore susceptible 
to the virus of quick decline. 

I wish to thank Dr. Carl Wolf, of the La Cienega 
Nursery, Fillmore, California, and Dr. W. P. Bitters, 
of the University of California Citrus Experiment 
Station, Riverside, California, for supplying root- 
stocks of known pedigrees. I also acknowledge valuable 
discussiczs with my colleague Dr. Frank L. Lambert. 


Raymonp M. SELLE 


Yspartment of Biology, 
Occidental College, 
Los Angeles, 

California. 
March 4. 

1 Bitters, W. P., and Parker, E. R., 

Berkeley, 6, (4), 10 (1952). 
* Selle, R. M., Citrus Leaves, 34, 6 (1954). 
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Frequency Distribution of the Concentrations 
of Elements in Rocks 


In a recent communication!, Ahrens reported some 
data on the frequency distribution of some of the 
elements in igneous rocks, and enunciated a geo- 
chemical law to the effect that the concentration of 
an element in a specific igneous rock is lognormally 
distributed. Observations have been made at the 
Fuel Research Station of the Department of Scientific 
and Industrial Research on the trace elements in 
coals and coal ashes. Our data, although applying 
to this special type of sedimentary material, have 
suggested certain considerations which appear 
to be relevant to the subject of Ahrens’s com- 
munication. 

In dealing with the concentrations of a minor 
constituent expressed as a proportion of the whole, 
it is clear that there are far greater possibilities for 
the data to vary to higher values than to lower 
values. It would be expected, therefore, that such 
data would have a positive skew distribution which 
might, to some extent, simulate the lognormal. The 
position is different when considering the concentrea- 
tions of a major constituent of a material. In a 
system with only two main components, it is clear 
that if the distribution of concentration of one of 
these has a positive skewness then that of the other 
will have a negative skewness, which will be a mirror 
image of the distribution of the first constituent. 
The position is less well defined when the number of 
major constituents is increased ; but here again the 
distribution of the data for at least one of the con- 
stituents will tend towards a negative skewness. This 
may be illustrated by data for the three most abund- 
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ant radicals in coal ash, namely, SiO,, Al,O, and 
Fe,O, (Fig. 1): the figures for Fe,0, follow very 
approximately a lognormal distribution, but those 
for SiO, and Al,O, exhibit a slight negative skewness 
for the untransformed variable and a marked negative 
skewness for the logarithmic derivative. It is assumed 
that the law suggested by Ahrens was meant to 
apply only to minor constituents, but the above 
considerations raise the interesting point as to the 
level of concentration at which the distribution of 
the data for an element might begin to lose its 
positive skewness. 

The same considerations also indicate the possibility 
that even a trace constituent of a rock might fail 
to follow a lognormal, or even an approximately 
lognormal distribution. This could arise if the trace 
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element were closely bound to one particular main 
constituent which itself failed to exhibit a positive 
skew distribution. Ahrens has shown that the con. 
centrations of many trace elements in igneous rocks 
follow an approximately logarithmic distribution; 
but if a law, rather than a working rule, is to be 
enunciated, it would be desirable to show that no 
departure from a strictly lognormal distribution has 
been observed or might be expected. In this con. 
nexion it appears that the data quoted for rubidium 
(loc. cit.) show some evidence of a slight negative 
skewness when in the logarithmic form. 

The data obtained at the Fuel Research Station on 
the occurrence of about twenty trace elements in 
more than two hundred British coals have provided 
many examples of an approximation to a lognormal 
distribution. This is exemplified by the diagrams 
for the distribution of concentration of copper in 
coal, on a linear and logarithmic basis (Fig. 2), 
Other elements, such as vanadium (Fig. 2), exhibit 
@ certain amount of negative skewness in the 
distribution of the logarithmic derivative, although 
it is clear that the distribution is nearer to the log. 
normal than to the normal. It has been possible in 
some cases to relate these differences to the different 
parent materials responsible for introducing the 
elements into coal. This and other aspects of such 
data for coal will be discussed in greater detail 
elsewhere. 

This work forms part of the programme of the 
Fuel Research Board of the Department of Scientific 
and Industrial Research and is published by per- 
mission of the Director of Fuel Research. 


K. V. AUBREY 


Fuel Research Station 
(Department of Scientific and Industrial Research), 
Greenwich, 
London, 8.E.10. 
March 17. 


' Ahrens, L. H., Nature, 172, 1148 (1953). 


Light Cages for Birds 


Tue principle of bird-cages using a screen of 
bright light, but no glass, wire or other mechanical 
means of preventing escape, was arrived at approxim- 
ately simultaneously and independently in the zoos 
at Antwerp and Basle. 

I do not wish to claim priority for the discovery 
of this principle of display. 

. H. HeEpicER 


Copenhagen. 
June 25. 


[Dr. Hediger, who is director of the Zurich Zoo- 
logical Gardens, in his book “Wild Animals in 
Captivity” (London, 1950) wrote on p. 58: ‘“‘Follow- 
ing the conference of zoo directors in Rotterdam in 
1946, the author had a conversation with the new 
director of the Antwerp Zoo about this improved 
type of cage. That same year he constructed 4 
similar experimental cage in the Basle Gardens. This 
was officially visited in 1947 when the conference of 
zoo directors met in Basle. In 1948 cages of this 
sort were opened to the public for the first 
time in the modernized aviary in the zoological 
gardens at Antwerp and claimed as an Antwerp 
discovery’’.] 
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FORTHCOMING EVENTS 


Monday, July 19 
§t. BARTHOLOMEW’S oa MEDICAL COLLEGE (in by Je prenpad 
Lecture Theatre rhouse S uare, London, E.C.1), a —— 
prof. Seymour 8. Kety (U.8.A. Ye “The Theory and ‘Applicat ons of 
Inert Gas Exchange”. 


Monday, July 19—Tuesday, July 20 
UNIVERSITY OF BIRMINGHAM, DEPARTMENT OF METALLURGY (at 
the Dniversny)—Cumtarence on ‘Mechanical Effects of Dislocations 
in Crystal 


Monday, July 19—Friday, July 23 


DEPARTMENT OF ATOMIC ENERGY (at Oxford)—Radioisotope 
Conference. 


Wednesday, July 21 


SOCIETY FOR ANALYTICAL Caer (at the Royal Institution, 
21 Albemarle Street, London, 1), -m.—Special Meeting on 
“The Use of Perchloric Acid’ - heaton Chemistry’’. 


Thursday, July 22—Friday, July 23 
SocIETY FOR THE STUDY OF FERTILITY (at the Meeting House of 
the Zoological Society of London, Regent’s Park, London, N.W.1)— 
Conference. 
Friday, July 23—Saturday, July 24 
Nutrition Socrety (in the Dobbie Lecture Theatre, University 
College of North Wales, Memorial Buildings, Deniol Bangor, 


Caernarvonshire 
in Farm Ani 


Road, 
;; Symposium on “The Efficiency of Food Conversion 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (with special =~ in petrology) IN 
THE DEPARTMENT OF GEOLOGY—The gistrar, University College 
of Wales, Aberys — (July 20). 

HEAD (with a g honours degree and/or an appropriate professional 
qualification, and senior experience in a technical college or university) 
OF THE ENGINEERING DEPARTMENT, and HEAD OF THE SCIENCE 
DEPARTMENT, Royal Technical College of East Africa, Nairobi—The 
Secretary, Advisory Committee on Colonial Colleges of Arts, Science 
and Tec nol 1 Gordon Square. London, Wil 1 (July 20). 

RESEARCH ELLOW with previous research experience) IN GEOLOGY 
—The Registrar, The University, Edgbaston, Birmingham a an 21). 

ASSISTANTS (2) (with a degree in one ture, bota 
cultural botany, et . —— interest In grasses), ry veoe ng 
vegetation om the death of rabt rabbits 
spread of myxoma Establishment Officer, The } tune 
Conservancy, 19 Belgrave Senne, London, 8.W.1 (July 22). 

SENIOR SCIENTIFIC yo age (with a degree of high standard in 
mathematics or one of the physical sciences) IN THE DEPARTMENT OF 
SUPPLY, rch and Doves ment Branch, Central Staff, Mel- 
bourne, for research activities with the Australian Army Operational 
Research Group, involving the ork study and analysis of a wide 
range of operational — including the assessment of new 
weapons—The Senior Sn (A.P.19), Commonwealth of 
EET — of Supply, Australia House, Strand, London, 

C.2 uly » 

a or FUEL TECHNOLOGIST (preferably with a university 
degree or equivalent qualifications) to un =, laneous in- 
Vertigations ¢ on the physical properties of fuels and refractories—Th 
Divisional Chief Scientist National Coal Board, Roundwood Colliery 
Offices, Parkgate, Rotherham (July 23). 

ASSISTANT LECTURER (preferably with qualifications in physical 
and inorganic chemistry) IN Tus DEPARTMENT OF CHEMISTRY—The 
Registrar, The University, “Hull (: July 24). 

RESEARCH FELLOW (preferably with experience in use of mass 
spectrometer or molecular stills) IN THE DEPARTMENT OF CHEMISTRY, 
for the re of evaporation processes, with ial reference 
to the break-u complex molecules—The Registrar, The University, 
Edgbaston, Bowen 15 (July 24). 

LECTURER (with a open A degree, or ey and considerable 
teaching experience) IN MATHEMATICS—The Princ’ Royal Aircraft 
Establishment Technical College, Farnborough, Hants (July 26). 

RESEARCH FELLOW IN THEORETICAL NUCLEAR AND ELEMENTARY 
PARTICLE PHysics—The Professor of Natural Philosophy, The Univer- 


th special interests in animal husbandry) IN AGRI- 
ovrTune Ts Registrar, The Galvani Nottingham (July 28). 

DEMONSTRATOR IN THE DEPARTMENT OF ANIMAL PATHOLOGY— 
a. Secretary. a Bs Committee of the Faculty of Biology 
( oy P gear cas of Pathology, Tennis Court Road, Cambridge 

ily 

LECTURER or ASSISTANT LECTURER (with a special interest in the 
connective tissues) IN PaTHOLOGy—The Registrar, The University, 
Manchester 18 (July 31). 

LECTURER (with gn in hydraulics and public health 
pn gre | (water supply, sewage ee ype etc.), and able to lecture 
and o ize mmononpe: t and researc! on these subjects) IN 
I i a: e Regitenr, Kine's liege, Newcastle-upon- 

uly 

RESEARCH ASSISTANT (with an honours degree in metallurgy or 
physical chemistry) TO THE JOSEPH LUCAS RESEARCH FELLOW IN 
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ELECTROMETALLURGY, to undertake research on the growth and 

roperties of electrodeposits ; and a UNIVERSITY RESEARCH FELLOW 
Tiraduate in metallurgy, engineering or a related science), to engage 
in research in the field of metal Guts Registrar, The Univer- 
sity, Edgbaston, Birmingham 15 (Jul 

RESEARCH OFFICER (Geomorphologist) (vith a university honours 
degree in science, with geology as a major subject, or equivalent 

eee. and preferably with experience in field surveys and 

e interpretation of aerial photographs) IN THE LAND RESEARCH 
ae REGIONAL SURVEY Sucrion of the Commonwealth Scientific 
and Industrial Research Organization, to be a member of a scientific 
survey team which is conducting potentiality surveys in the Papua-— 
New Guinea region—The Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, Africa House, Kingsway, London, W.C.2, 
quoting 570/31 (August 7). 

ScIENTIST, Grade III (with a good honours degree or equivalent in 
a science subject, and preferably with a sound background in geology 
and chemistry), in the National Coal Survey Laborato 
Birmingham, for work which will include the preparation of detailed 
reports on the = and — and chemical properties of the 
coal seams covered by the laboratory—The National Coal Board, 
Establishments (Personnel), Hobart House, Grosvenor Place, London, 
8.W.1, —- TT/804 (August 7). 

LECTURER PuysioLogy at Auckland University College 
(University of wlew Zealand)—The Secretary, Association of Univer- 
sities of the British Commonwealth, 5 Gordon Square, London, W.C.1 
(New Zealand, August 10). 

LECTURER IN CLASSICAL ARCHZOLOGY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 5 Gordon Square, London, W.C.1 (Sydney, August 14). 

LECTURER IN DRESSING OF MINERALS AND COAL PREPARATION, to 
undertake and promote research, lecture on coal preparation and 
mineral dressing, and assist in the supervision of laboratory work— 
The Registrar, The University, Leeds 2 (August 14). 

LECTURER (with special qualifications in physical or inorganic 
chemistry) IN CHEMISTRY—The Secretary, Bedford College (University 
of — on), Regent’s Park, London, N.W.1 (August 27). 

LECTURER (preferably with qualifications in the fields of — 
nt eng goorraphy) IN Gpomnares, at Victoria University Coll 
" w Zealand— e Secretary, Association of Universities 
by the British "Commonwealth, 5 Gordon Square, London, W.Cl 
(New Zealand, August 31). 

SENIOR LECTURER IN CHEMICAL ENGINEERING, and a LECTURER IN 
GEOGRAPHY, at the Guapaaer, Cape Town—The Secretary, Associa- 
tion of the Chg pyre _ 9 British Commonwealth, 5 Gordon Square, 
London, W.C.1 ( for = 

i “5k SaEMATWOS at the University of Oxford—Prof, 

Cc. Titchmarsh, Mathematical Institute, 10 Parks Road, Oxford 
<i 15). 
ENIOR RESEARCH OFFICER (with a doctor’s oe in Lap ner ah and 

RESEARCH OFFICERS (with an honours degree in physics or equivalent, 
or a degree in light current engineering) IN THE NUCLEAR PHYSICS 
DIvIsIon of the National Physical Laboratory, Pretoria, South Africa 
—The South African Scientific Liaison Officer, Africa House, Kings- 
way, London, W.C.2 (Pretoria, September 15). 

ASSISTANT EXPERIMENTAL OFFICER (with a pass d or H.N.C. 
or equivalent in chemistry, and preferably with experience of — 
in the De ment of Scientific and Industrial Research, Fire Researc 
Station, Bye! 

analysis, assista in research on fire extinction, and the investigation 
of industrial fire s hazards—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), 26 King Street, London, $.W.1, 
quoting F.355/54A. 

ASSISTANT LECTURER, Grade B, IN THE DEPARTMENT OF CHEMISTRY, 
and an ASSISTANT LECTURER, Grade B, IN THE DEPARTMENT OF 
| at the College of Technology and erce, Cardiff— 

The phy of Educat Education, City Hall, Cardiff. 

Grade B (with a good degree in botany 
and a 2001089) IN THE pong BE oF BIOLOGY, ond on an ASSISTANT 
LECTURER, Grade B (with an honours degree in Fens moe omg and able 
to teach one branch of chemistry, preferably physical or inorganic, 
up to B.Sc. Special Chemistry standard) IN THE L OF CHEMISTRY 
— College of Technology and Commerce, The Newarke, 

cester. 

ens gay Le Sctentifie Officer or ——— Officer ss for 
research on nd jeaves—The Secretary, 
Rothamsted, te "Station, oe Herts. 

ELECTRONICS ENGINEERS and PHysicists, Scientific Officer grade 
(with first- or second-class honours degree or equivalent) or Assistant 
fe ae yr Officer grade (with H. SC. Cc. (ochemeuh or es at 

Ministry of Supply Experimental Establishments at borough, 
Hants, Malvern, Worcs, Sevenoaks, Kent, and elsewhere, mainly in 
Southern England, for duties which include research, dovelopenens or 
design of telecommunications and radar equipment ; 
control systems ; instrumentation for a variety of research p: 

The Ministry of "Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, 8.W. 3 quoting 54A. 

LABORATORY ASSISTANT (female) (with a degree in pure ny, 
agricultural botany, or equivalent) IN THE PLANT PATHOLOGY Saoniox 
of the ogg nee of Agriculture, Scott Agricultural Laboratori 
Kenya—The Director of Recruitment, WaOOe Office, Great Smith 
Street, London, 8.W.1, quoting BCD. 63/7, 

LASDON RESEARCH FELLOW (with an - wa degree in one of the 
biological sciences, and some research experience) to work on the 
———- y of tuberculosis, under the direction of Dr, V. C. Barry, in 
the Lal ries of the Medical ge — of Ireland—The 
President, aa Walvenaee College, Dublin, Ire! 

LECTURER IN PHARMACEUTICS at the Technical College, Bradford— 
The Director of Education, Town Hall, Bradford 1. 

LECTURER (with a degree or equivalent qualification, and some 
industrial experience, preferably in the field of electrical measure~ 
ments) IN THE DEPARTMENT OF ELECTRICAL ENGINEERING—Tho 
Secretary, Royal Technical College, George Street, Glasgow, C.1 

LECTURER (with special qualifications in pure mat ematics) IN 
MATHEMATICS—Head of the Mathematics Department, Imperia} 
College, London, 8.W.7. 


Herts, for duties which will involve pone 
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METALLURGIST (with a first- or second-class honours degree in metal- 
lurgy, or A.I.M., or equivalent, with at least t years industrial 
experience), to advise on selection of materials for use on specialized 
plant; to deal with day-to-day metallurgical problems hing on 
design work; and to maintain liaison between development labora- 
tories and design offices—Department of Atomic a Industrial 
Group Headquarters, Risley, Warrington, te Fee 

METALLURGISTS to study industrial problems on the melting, casting 
and fabrication of non-ferrous metals—The Secretary, British Non- 
Ferrous Metals Research Association, 81 Euston Street. London, N.W.1 

PuysicaL CHEMIST (with post-doctorate or equivalent research 
experience, and preferably with experience in vacuum techniques and 
a knowledge of PB sornomacmm { to study evaporation from solid surfaces— 
The Laboratory Superintendent, Department of Chemistry, The 
University, Edgbaston, Birmingham 15. 

PROTOZOOLOGIST (with a medical or veterinary degree or diploma 
registrable in the United Kingdom, and with two years postgraduate 
research experience, and a sound knowledge of protozoology), with the 
East Africa Tsetse and Trypanosomiasis Research and Reclama- 
tion Organization, to undertake research in the human and animal 
trypanosomes—The smmng, _of Recruitment (Colonial Service), 
Colonial Office, Sanct: uildings, Great Smith Street, London, 
8.W.1, quoting. BCD. 19 /188/01. 

READER or SENIOR LECTURER IN AGRICULTURAL GENETICS AND 
PLANT BREEDING; LECTURER IN AGRICULTURAL GENETICS AND 
PLANT BREEDING, and a JOHN MORTLOCK RESEARCH FELLOW, in 
the Department of Agronomy, Waite Agricultural Research Institute, 
University of Adelaide, Adelaide, South Australia—The Secretary, 
Association of Universities of the British Commonwealth, 5 Gordon 
Square, Londor, W.C.1. 

RESEARCH ASSISTANT (graduate (honours or pass degree), with 
qualifications in —— or biochemistry) IN THE DEPARTMENT OF 
BoTaNy, to work on the physiology of plant growth hormones and 
inhibitors—George Harrison Professor of Botany, The University, 
Manchester i3. 

SCIENTIFIC OFFICERS (with a first- or second-class honours degree 
in physics or equivalent qualifications) for (a) to undertake studies 
of the mechanical effects of stresses applied to atomic weapons (Ref. 
109/WGE/34); (6) to work in close conjunction with a group of 
chemists engaged in research on radioactive materials (Ref. 
161/WGE/34), and (ce) for work of a qualitative and quantitative 
spectrographic analysis of inorganic substances—The Administrative 
Officer (Recruitment), Atomic Weapons Research Establishment, 
Aldermaston, Berks, quoting appropriate Ref. No. 

SENIOR ENTOMOLOGIST or ENTOMOLOGIST (with a university quali- 
fication with entomology as a special subject, and for the senior post, 
some years experience) IN THE VETERINARY DEPARTMENT, Kaduna, 
Nigeria, for work on the eradication of tsetse fly in relation to. try- 
panosomiasis of cattle—The Director of Recruitment (Colonial Service), 
Colonial Office, Great Smith Street, London, S.W.1, quoting 
BCD.67/14/07. 

TEACHERS (with high qualifications and able to teach to advanced 
level and university scholarship standard) OF MATHEMATICS AND 
CHEMISTRY—The Headmaster, Dartington Hall School, Totnes. 


REPORTS and other PUBLICATIONS 
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Great Britain and Ireland 


Prevention of Disease Among Farm Livestock 
meeting of the British Association for the Adva 
Section M (Agriculture), at Liverpool on September 7th, 1953.) Pp. 
vi+26. (London: HM. Stationery Office, 1954.) 1s. 3d. net. [46 

World Power Conference. Annual Report 1953. Pp. 20. (London : 
British National Committee, World Power Conference, 1954.) [46 

Aero Research Technical Notes. Bulletin No. 136: Machinery and 
Equipment for Use with Synthetic Resin Glues in ag be mame | 
Industries. Pp. 8. (Duxford: Aero Research, Ltd., 1954.) [46 

The Beaverbrook Press and the British Council. Bp. 12. (London : 
British Council Staff Association, 1954.) 6d. 46 

Empire Cotton Growing Corporation. Progress Reports from 
Experiment Stations, Season “> 3-4 “ee Rhodesia (Cotton 
Research Station, Gatooma). By F. E. M. Gillham. Pp. 3. 9d. Tan- 
ganyika Territory, Lake Province. By ¥ E. Peat, J. M. Munro and 
M, 4 Arnold. 22. 9d. West Indies, Cotton Experiment Stations. 
By J. V. Locherie and J. R. Spence. Pp. 16. 9d. (London: Empire 
Cation Growing Corporation, 1954.) [46 

Colonial Office. The Colonial Territories 1953-54. (Summary of 
Cmd. 9169.) Pp. 6. Stationery Office, 1954.) [46 

Home Office: Scottish Office : Ministry of Housing and Local 
Government: Ministry of Agriculture and Fisheries. Report of the 
Departmental Committee on Coastal Flooding. Pp. 48. (Cmd. ~~ ” 
(London: H.M. Stationery Office, 1954.) 2s. 6d. net. 

Royal Entomological Society of London. Handbooks for 4 
Identification of British Insects. Vol. 1, Part 2: Thysanura and 
Diplura. By M. J. Delany. Pp. 7. 2s. 6d. Vol. 5, Part 9: Coleoptera 
(Lagriide, Alleculide, Tetratomide, Melandryide, Salpingide, 
Pythide, Mycteride, Oedemeridez, Mordellide, Scraptiide, Pyro- 
chroidz, Rhipiphoride, Anthicidw, Aderidz and Meloidz). By F. D. 
Buck. Pp. 30. 6s. (London: Royal Entomological Society of —_—_, 
1954.) 8 

Fitzwilliam Museum, Cambridge. 
ending 31 December 1953. Pp. 5+4 plates. (Cambridge : 
Museum, 1954.) [ 

Friends of the Fitzwilliam Museum. Forty-fifth Annual Report 
for the year 1953. Pp. 7. (Cambridge: Friends of the — 
Museum, 1954.) [86 

Transactions of the Royal Society of Edinburgh. Vol. 62—Part 2— 
(No. 14), 1951-53: Scottish Carboniferous Goniatites. By Dr. Ethel 
D. Currie. Pp 527-602+4 plates. (Edinburgh and London: Oliver 
and Boyd, Ltd., 1954.) 22s. 9 
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Proceedings of the American Academy of Arts and Sciences. Vol. g 
No. 3: The Task Before Us. By P. W. Bridgman. ii+95- rt 
oe ~ ge American Academy of Arts and Sciences, 19 


East Africa High Commission. East African Agriculture is 
Forestry Research Organization (Incorporating the East African Ag 
cultural Research Institute, oY Annual Report, 1953. Pp. 96 
plate. (Nairobi: East Africa High Commission, 1954.) (2 

Quebec Society for the Protection of Plants. Thirty-fourth Repo 
1952. Pp. 184. Symposium—Viruses and the Protection of P) 
Kingdom. (Supplement to the thirty-fourth Annual Report.) Pp. ij 
67-184. (Quebec: Department of Aquos, 1952 and 1953.) [2 

Japanese Journal of Tuberculosis. Vol. 1, No. 1 (November, 196 
Pp. 98. nN ee journal.) (Tokyo: Institute for Infectio 
Diseases, hirokane-Daimachi, Minato-Ku, 1953.) (2 

United Petes Naval Observatory. Circular No. 49: The Na 
Observatory Time Service. Pp. 12. Circular No. 50: Posi tions, Are 
and Counts of ge een er ore 1954.) Pp. 4 . (Washir 
ton, D.C.: U.S. Naval Observatory, 1954. (2 

Institut Royal Météorologique de Belgian. Publications Series 
No. 8: La Scintillation des Etoiles. Par Dr. J. Isacker. Pp. 1 
(Uccle-Bruxelles: Institut Royal Météorologigue de a, 19 
G and :. Seed Rates and Seed Mixtures. Pp. 80. (Paris: Org 
zation for European Economic Co-operation ; te a. M. Statie 
ery Office, 1954.) (2s 

Nigeria. Annual Report on the Geological Survey Department 
the year 1952-53. Pp. 28. (Lagos: Government Printer; Londo 
Crown Agents for the Colonies, 1954.) 9d. net. (2 

Mitteilungen des Deutschen Wetterdienstes. Nummer 7 (April 19: 
Luftelekrische Synopsis. Von Prof. Dr. Hans Israél. . 10. (B 
Kissingen: Deutschen Wetterdienstes, 1954.) 28 

West African Institute ~~ Oil Palm Research. Prog 
Report. No. 8: January 954 to 31 March, 1954. ony (Ber 
City : West African institute for Oil Palm Research, 1954 ~ : 

Publications de l'Institut National pour I’Btude Agronomig 
Congo Belge. Série Scientifique, No. 59: Erosion Surfaces of 
African Interior High Plateaux. By Robert V. Ruhe. Pp. 38+5 Cone 
(Bruxelles: 1’Institut National pour I’Etude Agronomique du Cong 
Belge, 1954.) 100 francs. 

Geological Survey of } Nigeria. Bulletin No. 23: The Geology 


Country Around Ilesha : an Explanation of Sheet North Be (Ile 


with 2 maps, 21 figures and 2 plates. By Dr. A. M. de Swardt, with 
Appendix on the Soils of the [lesha-Ikirun-Effon Alaiye Area by Dr. 
Vine. Pp. 52. (Lagos : aa Printer; London: Crown Agen! 
for the Colonies, 1953.) 10s. 

Manures and Fertilizers : Potential Progress in Europe. Pp. 12 
(Paris : Organization for European Economic Co-operation ; Londo 
H.M. Stationery Office, 1954.) 

Masson et Cie 1804-1954: un Sidcle et Demi d’Edition M 
Scientifique. Pp. 54+8 plates. (Paris : Masson et Cie., 1954.) 

Tidal Forces % the Sun’s Corona due to Planets. By K.G 
~~ 4: FD. 14 ws m: Berlingske Forlag, 1954.) 

Notas de Fisien 0. 14: Non-Relativistic = vd wit 
with Spin 1. By J. J. Giambiago and J. Tiomno. 4. (Rio re 
Janeiro: Centro Brasileiro de Pesquisas Fisicas, 19 ose} [ 

Research Bulletin of the East Panjab University. No. 37 ‘roel be 
Spermatogenesis of Acheta Domesticus Linn. ( icus) he 
observations under the Phase Contrast Sieccasepe.- By Vishwa Nath 
and Bachittar Singh Bhimber. Pp. 145-155+4 plates. 2 rupee 
10 annas. No. 38 (Zoology): The Guinea Pig Sperm. By G. P. Sh 
G. C. Chaudhuri and V. 8. Sattee. Pp. 157-180+3 plates. dng 
8 annas. No. 39 (Zoology): Studies on Insect Spe! pn 
Hemiptera—Heteroptera. The Sex gg ene and ytopla 
Inclusions in the Male Germ Cells of Laccotre, oy maculatus F 
and Sphaerodema rusticum Fabr. Sukhdev Raj — Pp. 18 
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G. Meldahil, | 
2 


Spermatogenesis of Elasmobranchs (Hypotremata). 
Hem Sagar Vasisht. Pp. 193-204+7 plates. 3 rupees, 14 ann 
No. 41 (Chemistry): Oxidation with Chlorine-B. Volumetric Dete: 
ination of Metals by Oxine Method. By Balwant Singh, Ag sper Sin 
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oly 4g Ba we | Means, By H. Gupta, M. 
Chiora 1-16+1 plate. 2 rupees, 8 annas, No. 43 (Chemist 

as “B as Volumetric Reagent. Part 1. By Apar Singh. 
12 annas. (Hoshiapur: East Panjab University, 1953 


) [ 
“National Research Council of Canada. Associate Committee & 

Geodesy and Geophysics. Canadian Geophysical Bulletin—Vol. 
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